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. ABSTRACT
A s im p le  p o ly n o m ia l form  in  o b liq u e  d im e n s io n le s s  co­
o r d in a t e s  r e p r e s e n t in g  th e  d e f l e c t i o n  c o n f ig u r a t io n  o f  clam ped 
skewed p l a t e s  w ith  v a r i a b l e  th ic k n e s s  is: u se d  to g e th e r  w ith  
G a le r k i n 's  v a r i a t i o n a l  p ro c e d u re  to  o b ta in  an a p p ro x im a te  s o lu t io n  
to  th e  d i f f e r e n t i a l  e q u a t io n  o f  su ch  p l a t e s  u n d e r  a  u n ifo rm  l a t e r a l  
lo a d .  V a r ia t io n s  o f  c e n t r e  d e f l e c t i o n s  and maximum c e n t r e  and edge 
moments and  s t r e s s e s  w ith  skew a n g le ,  a s p e c t  r a t i o  and th i c k n e s s  
c o e f f i c i e n t  a re  p r e s e n te d .  An e q u a t io n  f o r  a  h y p e r b o l i c  p a r a b o lo id  
s u r f a c e  i s  chosen  to  r e p r e s e n t  th e  th ic k n e s s  o f  th e  p l a t e .  R e s u l t s  
a re  com pared to  th o s e  o b ta in e d  by t e s t a  c a r r i e d  o u t  on a. p l e x ig l a s  
p l a t e  m odel, show ing a  f a i r  ag ree m en t.
XI1
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CHAPTER I  
INTRODUCTION
Skewed p l a t e s  a r e  o f te n  r e q u i r e d  a s  com ponent p a r t s  f o r  l a r g e  
s c a le  s t r u c t u r e s ,  such  a s  b r id g e s ,  b u i ld in g  f l o o r  sy s te m s , t r i a n g u l a r  
dams, a s  w e l l  as  p a r t s  o f  sw ep t-b ack  w ings and f i n s  o f  su b so n ic  and 
s u p e r s o n ic  a i r c r a f t s .
I t  was found  t h a t  i n  a  clam ped skewed p l a t e  o f  c o n s ta n t  
th ic k n e s s  u n d e r  a  u n ifo rm  l a t e r a l  lo a d  th e  maximum moments o c c u r re d  
a lo n g  th e  lo n g e r  edges o f  th e  p l a t e  and w ere i n v a r i a b l y  d is p la c e d  
tow ard  th e  o b tu se  c o r n e r s ;  th e r e  a r e  a l s o  h ig h  s t r e s s  c o n c e n t r a t io n s  
i n  th e  v i c i n i t y  o f  th e  o b tu s e  c o r n e r s ,  w h ile  a t  th e  a c u te  c o rn e rs , th e  
s t r e s s  c o n c e n t r a t io n s  w ere n o t  s i g n i f i c a n t . A c c o r d i n g l y ,  i f  
th e  o b tu s e  c o rn e r s  o f  th e  p l a t e  have a  l a r g e r  th ic k n e s s  th a n  t h a t  a t  
th e  a c u te  c o rn e r s  th e  s t r e s s e s  i n  th e  p l a t e  w i l l  te n d  to  b e  d i s t r i b u t e d  
more e v e n ly , and th e  c r i t i c a l  s t r e s s e s  and h ence  th e  mass o f  th e  p l a t e  
w i l l  be re d u c e d . Such r e d u c t io n  is , e s p e c i a l l y  im p o r ta n t  i n  a i r c r a f t  
c o n s t r u c t io n s .
W ith r e f e r e n c e  to  th e  t h e o r e t i c a l  work i n  t h i s  t h e s i s ,  th e  • 
G a le r k in 's  v a r i a t i o n a l  p ro c e d u re  i s  u se d  to  s o lv e  th e  d i f f e r e n t i a l  
e q u a t io n  o f  a  clam ped skewed p l a t e  w ith  v a r i a b l e  th ic k n e s s  u n d e r  a 
u n ifo rm  l a t e r a l  lo a d .  F o llo w in g  th e  p ro c e d u re , a  d e f l e c t i o n  
c o n f ig u r a t io n  c o n ta in in g  fo u r  u n d e te rm in e d  p a ra m e te r s  i s  f i r s t  assum ed 
s a t i s f y i n g  n o t  o n ly  th e  boundary  c o n d i t io n s  o f  th e  p l a t e  b u t  a l s o  p o la r  
sym m etry. The s e le c te d  f u n t io n  i s  a  l i n e a r  c o m b in a tio n  o f  f o u r  
in d e p e n d e n t f u n c t io n s .  S in ce  t h i s  f u n c t io n  does n o t  c o n ta in  a  co m ple te
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
system , i t  does n o t  s a t i s f y  i d e n t i c a l l y  th e  g o v e rn in g  e q u a t io n  o f  
th e  p l a t e ,  and th u s  th e  e x i s te n c e  o f  a  r e s i d u a l  lo a d .  The re q u ir e m e n t  
t h a t  th e  t o t a l  work done hy such  a  r e s i d u a l  lo a d  d u r in g  a  v i r t u a l  
d is p la c e m e n t sh o u ld  v a n is h  le a d s  to  th e  e v a l u a t i o n  o f  th e  u n d e te rm in e d  
p a ra m e te r s .  A c c o rd in g ly , a f t e r  a  p ro c e s s  o f  d i f f e r e n t i a t i o n  and 
. i n t e g r a t i o n  the p a ra m e te rs  a re  e v a lu a te d  h y  s o lv in g  a  set o f  f o u r  
s im u lta n e o u s  e q u a t io n s ,  F i n a l l y ,  the d e f l e c t i o n  e q u a t io n  w ith  i t s  
d e te rm in e d  p a ra m e te rs  i s  d i f f e r e n t i a t e d  to  y e i l d  th e  r e q u i r e d  moments 
and hen ce  s t r e s s e s .  An IBM 7094 co m p u te r was u se d  to  do th e  
c o m p u ta tio n a l work* To g u a rd  a g a i n s t  r o u n d - o f f  e r r o r s ,  d o u b le  p r e c i s i o n  
a r i t h e m a t i c  was u s e d .
An e x p e r im e n ta l  i n v e s t i g a t i o n  o f  th e  b e n d in g  b e h a v io u r  o f  a  
clam ped skewed p l a t e  w ith  v a r i a b l e  th i c k n e s s  was c a r r i e d  o u t  on a  
p l e x ig l a s  p l a t e  m odel. S t r a i n  r o s e t t e  g au g es and  d i a l  i n d i c a t o r s  w ere 
u sed  to  m easu re  s t r a i n s  and  l a t e r a l  d e f l e c t i o n s ,  r e s p e c t i v e l y .  An IBM 
1620 I I  com pu ter was u s e d  to  c o n v e r t  s t r a i n s  t o . s t r e s s e s .
B oth  th e  co m p u te r program m es f o r  th e  t h e o r e t i c a l  and  
e x p e r im e n ta l  i n v e s t i g a t i o n s  were coded  i n  F o r t r a n ,  and a re  in c lu d e d  
i n  A ppendix  A,
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CHAPTER I I
REVIEÏÏ OP LITERATURE
■ R e l a t i v e ly  l i t t l e  in f o r m a t io n  i s  to  be found  i n  th e  l i t e r a t u r e
b e fo re  1940 on th e  p rob lem  o f  skewed p l a t e s .  T h is  i s  due to  th e  f a c t
t h a t  s o lu t i o n s  to  p ro b lem s o f  skew ed, o r  sw ept s t r u c t u r e s  a r e  in v a r i a b ly
d i f f i c u l t  and com plex . However, th e s e  s o lu t i o n s  a re  o f  c o n s id e ra b le
im p o rta n c e  i n  e n a b l in g  th e  c o n s t r u c t io n  o f  s a f e  and e f f i c i e n t  s t r u c t u r e s
su ch  a s  skewed b r id g e s  and  sw ept w in g s . I n  1941; q u i t e  an  e n te n s iv e
work was done by J e n s e n , w h o  i n v e s t i g a t e d  s l a b s  w ith  v a r io u s  skew
a n g le s ,  boundary  c o n d i t io n s  and lo a d in g  c o n d i t io n s  by  means o f  f i n i t e
d i f f e r e n c e  e q u a t io n s .
S in ce  th e  work o f  J e n s e n , a  g r e a t  d e a l  o f  work h a s  been done
on skewed p l a t e s  and skew ed s t r u c t u r e s .  The problem , o f  u n ifo rm ly  lo a d ed
clam ped skew ed p l a t e s  w i th  c o n s ta n t  th ic k n e s s  h a s  a t t r a c t e d  th e
a t t e n t i o n  o f  M irsky^^ ’^  and D o r m a n ^ i n  1 9 5 0 's .  I n  1965» l i m i t e d  r e s u l t s
show ing th e  v a r i a t i o n s  o f  d e f l e c t i o n s  and  moments w ith  skew a n g le  were
(7 )r e p o r te d  by M orley . '■
In  1965 , Kennedy and M artens^^^  i n v e s t i g a t e d  e x p e r im e n ta l ly  th e  
s t r e s s e s  n e a r  th e  c o r n e r s  o f  skewed s t i f f e n e d  p l a t e s ,  and th e y  o b serv ed  
t h a t  c r i t i c a l  s t r e s s e s  o f te n  o ccu r i n  o b tu s e  c o r n e r s  o f  such  skewed 
p l a t e s .  An a n a l y t i c a l  s o l u t i o n  o f  su ch  p l a t e s  u n d e r  a  u n ifo rm ly  
d i s t r i b u t e d  lo a d  was p r e s e n te d  by Kennedy and H uggins^^^ i n  1 9 6 4 .
I n  1965 , K cnnedy(^^) u sed  G a le r k i n 's  v a r i a t i o n a l  p ro c e d u re  to  
i n v e s t i g a t e  th e  b e n d in g  b e h a v io u r  o f  a  clam ped skewed p l a t s  u n d e r  a
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un ifo rm  p re s s u re .  R e s u lts  showing v a r i a t i o n s  o f  maximum d e f le c t i o n s ,  
c e n tr e  moments and edge moments w ith  skew a n g le  and s id e s  r a t i o  were
( 12 )p re s e n te d .  In  th e  same year, Kennedy and Hg^ u sed  th e  E a y le ig h -R its  
method to  so lv e  th e  prob lem . R e s u lts  o b ta in e d  by th e  two d i f f e r e n t  
m ethods compared closely.They a l s o  o b se rv ed , e x p e r im e n ta l ly ,  the 
e x is te n c e  o f  h ig h  stress c o n c e n tr a t io n s  in  th e  v i c i n i t y  o f  the o b tu se  
c o r n e r s .
( 15). In  1967 , Iy en g a r and S rin iv a sa n ^  p re s e n te d  a  s o lu t io n  fo r  
clam ped p a ra lle lo g ra m m ic  p a n e ls  u n d er a  un ifo rm  p re s s u re  by employing 
c h a r a c t e r i s t i c  f u n c t io n s  f o r  th e  modes o f  v i b r a t i o n  o f  c lam ped-cla iaped  
beam s, T liis m ethod o f  s o lu t io n  a p p e a rs  to  be  in c a p a b le  o f  a s s e s s in g  
c o r r e c t ly  th e  c e n tre  d e f l e c t i o n s  and moments i n  p a n e ls  w ith  la rg e  
skew a n g le s ,  w hich in f lu e n c e  th e  f l e x u r a l  behavioior o f  th e  p a n e ls  
s i g n i f i c a n t l y .  More r e c e n t ly ,  K e n n e d y ^ h a s  found  a  co n v erg e n t 
s o lu t io n  to  th e  problem  by means o f  a  power s e r i e s  and G a le r k in 's  
te c h n iq u e . He a l s o  exam ined th e  in f lu e n c e  o f  e l a s t i c  su p p o r t on th e  
c e n tre  d e f le c t i o n s  and maximum c e n t r e  and edge moments in  su ch  p a n e ls  
and th e  in f lu e n c e  o f  P o is s o n 's r a t i o  on maximum s t r e s s  i n  such  p a n e ls  
w ith  n o n - l in e a r  b e h a v i o u r . K e n n e d y  and have a l s o
o b ta in e d  a  s o lu t io n  f o r  l i n e a r  and n o n - l in e a r  a n a ly se s  o f  clam ped 
skewed p l a t e s  by em ploying th e  p e r t u r t a t i o n  m ethod.
A lthough a  number o f  p ap e rs  have been  w r i t t e n  on r e c ta n g u la r  
p l a t e s  w ith  v a r ia b le  th ic k n e s s ,  e x te n s iv e  l i t e r a t u r e  su rv ey  h as  shown 
th a t  a  s o lu t io n  to  clam ped skewed p l a t e s  w ith  v a r ia b le  th ic k n e s s  i s  
n o t  a v a i la b le  a s  y e t .
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CHAPTER I I I  
THEORETICAL ANALYSIS
( a ) ' A ssu m p tio n s
The u s u a l  a s s u m p tio n s  made f o r  th e  s m a l l  d e f l c e t i o n  th e o ry  f o r  
p l a t e s  o f  c o n s ta n t  th i c k n e s s  a r e  a s  f o l lo w s :
(1 )  D e f l e c t io n s  a r e  s m a ll  i n  co m p ariso n  w ith  th e  t h i c k n e s s  o f  
th e  p l a t e ;  t h e r e f o r e ,  th e  membrane s t r e s s e s  i n  th e  m id d le  
p la n e  o f  th e  p l a t e  a r e  n e g l i g i b l e .
( 2 )  The t h i c k n e s s  o f  th e  p l a t e  i s  s m a ll  i n  c o m p a riso n  w i th  i t s  
o t h e r  d im e n s io n s ; t h e r e f o r e ,  th e  n o rm al s t r e s s e s  i n  th e  
d i r e c t i o n  t r a n s v e r s e  t o  th e  p l a t e  can  be d i s r e g a r d e d .
(5 )  P o in t s  o f  th e  p l a t e  l y i n g  i n i t i a l l y  on a  n o rm a l to  th e  
m id d le  p la n e  o f  t h e  p l a t e  re m a in  on  th e  n o rm a l to  th e  
m id d le  p la n e  o f  t h e  p l a t e  a f t e r  b e n d in g . T h is  a s su m p tio n  
i s  e q u i v a le n t  to  th e  d i s r e g a r d  o f  t h e  e f f e c t  o f  th e  s h e a r  
d e fo rm a tio n s  on th e  d e f l e c t i o n  o f  t h e  p l a t e ,
(4 )  The p l a t e  i s  i s o t r o p i c ,  i . e . ,  e q u a l  p r o p e r t i e s  and b e h a v io u r  
o f  th e  m a t e r i a l  a t  e a c h  p o in t  an d  i n  a l l  d i r e c t i o n s .  A ll  
d e fo rm a tio n s  a r e  e l a s t i c .
The same a s s u m p tio n s  a r e  u s e d  i n  d e r iv i n g  th e  g o v e rn in g  e q u a t io n  
f o r  p l a t e s  o f  v a r i a b l e  th i c k n e s s ,  and i n  a d d i t i o n ,  i t  i s  assum ed t h a t  
th e r e  i s  no a b ru p t  v a r i a t i o n  i n  th i c k n e s s .
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(b ) F o rm u la tio n  o f  th e  'G overning E q u a tio n  f o r  P l a t e s  o f  V a r ia b le  T h ickness
In  d e r iv in g  th e  e q u a tio n s  f o r  b e n d in g  and  tw is t i n g  f o r  p l a t e s  o f  
c o n s ta n t  th ic k n e s s ,  an  e lem en t ta k e n  from  th e  p l a t e  i s  c o n s id e re d . I n  
th e  c a se  o f  p l a t e s  o f  v a r ia b le  th i c k n e s s ,  i f  th e r e  i s  no a b ru p t 
v a r i a t i o n  i n  th e  th ic k n e s s  th e  d i f f e r e n c e  i n  th ic k n e s s  in  th e  e lem en t 
can be ig n o re d . Thus th e  e x p re s s io n s  f o r  b e n d in g  and tw is t i n g  d e r iv e d  
f o r  p l a t e s  o f  c o n s ta n t  th ic k n e s s  can  be  a p p l ie d  to  t h i s  case  w ith
C l )s u f f i c i e n t  a c c u ra c y .
The fo l lo w in g  a r e  th e  w ell-know n e x p re s s io n s ,  r e l a t i n g  
c u rv a tu re s  and moments:
*  ' " i f - ) ..........................  - G - h
    -
*75^1/
]%__ = D(1 -  ^>=ÿy5rv-.........................................................................  (3-2)"xy -
where li^ , î y  and a re  b en d in g  and  t w i s t i n g  moments p e r  u n i t  le n g th  
o f  s e c t io n s  o f  a  p l a t e ,  D i s  th e  f l e x u r a l  r i g i d i t y  o f  th e  p l a t e ,  V i s  
th e  P o is s o n ' s  r a t i o ,  and  i s  th e  l a t e r a l  d e f l e c t i o n .
P ig .  1 r e p r e s e n t s  th e  m idd le  p la n e  o f  an  e le m e n t c u t  o u t from  a  
p l a t e  w ith  a l l  th e  q u a n t i t i e s  shown i n  t h e i r  p o s i t i v e  d i r e c t i o n s .  
C o n s id e r in g  th e  e q u i l ib r iu m  o f  f o r c e s  i n  th e  Z d i r e c t i o n  and moments 
ab o u t th e  X and Y ax es  and ig n o r in g  te rm s o f  h ig h e r  o r d e r ,  th e  fo llo w in g  
th r e e  e q u a t io n s  o f  e q u i l ib r iu m  can  be o b ta in e d :
+ - |£ _  + q  -  0 ..................................................................... (3 -4 )
■ w ' "  '  ■ • • •■ ...........................................................(3 -5 )
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75H .
_ o = 0 .................................................................. (5- 6 )
OT 3 x  ^
w here and a r e  s h e a r in g  f o r c e s  p e r  u n i t  le n g th ,  and q i s  th e  
i n t e n s i t y  o f  a  c o n tin u o u s ly  d i s t r i b u t e d  lo a d .
Combing E qs. ( 5 - 4 ) y (5 -5 )  and ( 5 - 6 ) ,  y i e ld s
............................................
■ S u b s t i t u t in g  S q s, ( 5 - 1 ) ,  (5 -2 )  and (5 -5 )  i n t o  Eg. (5“7) and 
o b se rv in g  t h a t  D i s  no lo n g e r  a  c o n s ta n t  b u t  a  fu n c t io n  o f  th e  co­
o r d in a te s  X and Y, y ie ld s
D A A ¥ + A y  + 2 - § ™ - : ^ A y  + A d A-I
à y i  <9X dY dY
 ( 3 - h
9 x  OY 9 x 9 Y 9x9% dY 9 x
- .2  ;n2
w here A = ----- — --- ---------------
9 x ^  ' 9 y^
( i )T h is  i s  th e  g o v e rn in g  e q u a t io n  f o r  p l a t e s  w ith  v a r ia b le  th i c k n e s s .^  '
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'dX3X
Mxy •<— <- dY
M
M
dX
F ig .  7 . Moments and  S h e a r  F o rc e s  on  P l a t e  E lem en t Tfrith S id e s  dX and  dY
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X2a
2b
F ig ,  2 . R e c ta n g u la r  and Skewed C o -o rd in a te  System s
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(c )  The G overning E q u a tio n  in  O blique D im en sio n less  C o -o ed in a te s
In  i n v e s t i g a t in g  th e  b e n d in g  b e h a v io u r  o f  skewed p l a t e s ,  i t  i s  
o f te n  ad v an tageous to  ad o p t a  c o -o rd in a te  system  p a r a l l e l  to  th e  edges 
o f  th e  p l a t e ,  nam ely th e  o b liq u e  c o -o rd in a te s  U and Y shown in  P ig . 2.
By th e  tr a n s fo rm a tio n
X = U C O S 0       (5” 9)
Y s= Y + II s in 0   .......................... ....................................... .. (5 -1 0)
i n  w hich 0 i s  th e  skew a n g le ,  th e  fo llo w in g  r e l a t i o n s h ip s  betw een th e  
r e c ta n g u la r  and th e  o b liq u e  c o -o rd in a te  system s h o ld :
............................................................(5 -1 1 )
.     .............
By p u t t in g
II = a%  .............................................................................................. (5-15)
and Y = b 'l   .............   (5 -14 )
i n  w hich ^ and ^  a re  d im e n s io n le ss  o b liq u e  c o - o r d in a te s ,  2a  and 2b a re  
th e  o b liq u e  d im ensions o f  th e  p l a t e ,  E qs, (5 -1 1 ) and (5 -1 2 ) can  be 
e x p re s se d  i n  th e  fo llo w in g  d im e n s io n le ss  fo rm s:
.................................................
■ w ' - r i r    - .............................................
w here f o r  b r e v i t y ,  P  = b / a ,  S = s in S  and C = cos0 .
Thus th e  fo llo w in g  r e l a t i o n s h ip s  can  be o b ta in e d :
6 '   (5 -1 7 )
10
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3 v |'
(5 -1 8 )
.2
3T)2
(5 —15 )
- 4 - ^ ( P ^  -  23P
b V  3 ^-
_ à L  + J i . )  
a ^ a ^  a f
(5- 20 )
A =
- s
^ Ÿ i
a _ ^  = —A r(P ^  ~ :~" ,:j  -  2SP 7 y - |r ”  + - ÿ r )  (5 -22)
a% b V ' "  a ^ a ^ a»] 2
A A  = a i^4
j  _ a l _-  4SP-" — + 2 P ^(l + 2 S ^ ) - - ^ - 5 -
%4 %4
"  a f a ^  "  a i t
(5-25)
U sing  th e  above t r a n s fo rm a t io n  r e l a t i o n s h i p s ,  E q s , (5 -1 5 ) to  
( 5- 25 ) ,  Eq, ( 5- 8 ) can  b e  v n r it te n  i n t o  o b liq u e  d im e n s io n le s s  form  a s :
b4c4
P
.4 , 
a ^ 4
)t.T
a i a e ^
p4 “ 4SP  ^ Z ~ ~ T  -*- (2P^ + 4 8 ^ P ^ )-^ 2 ^.2^2 y _ a '] L
-  4SP _ A _
a4v7
'  a i ^ a ^  a i 4
(p
3D
b4c4  '  a s
p5 _a_K _ ^ s p 2 _ _ a jL  ^  (P  + 2S^P)
I a ) :^ a i a ;^ ^  '
15vt
- s
3>]5
" b V  3 1  3 f 5 g  * "
J _ ( p 2  ^  . .  2 S P  _ 2 | _  +  Æ ) ( p 2  - 5 ? "
b4c4 aÇ " ^ 1 3 ^  ax]^  a s
-  2SP -Î-
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(P',2 -  2SP
r  2 (P
-  2SP
3^P
9 1  a s
9  S i  
9 1 9 ^
_ s A ) ( p _ s
a^D  
a i  a s
A  \
,  q2_d!p_\ £ } L
' a f  '' 3^2
. A _ f p 2 A L
a i ^  a %2
= q (5 -2 4 )
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(d )  Assumed V a r ia t io n s  i n  th e  P l a t e  T h ick n ess  and F le x u r a l  R i g i d i t y
The m a th e m a tic a l e x p re s s io n  f o r  th e  th ic k n e s s  o f  th e  p l a t e  a t  
any p o in t  i s  ch o sen  a s :
11 = i \ , ( i  -  ............................................................................................. ( 5- 25 )
where h^ i s  th e  th ic k n e s s  a t  th e  c e n t r e  o f  th e  p l a t e ,  and K i s  an 
a d ju s t a b le  p o s i t i v e  c o n s ta n t  l e s s  th a n  one» K i s  i n s e r t e d ,  so t h a t  th e  
th ic k n e s s  a t  th e  a c u te  c o rn e r s  w i l l  n o t  be z e r o ,  Y/hen K i s  z e r o ,  th e  
th ic k n e s s  v / i l l  be c o n s ta n t  th ro u g h o u t th e  p la te *  Eq* (5 -2 5 )  i s  an 
e q u a t io n  f o r  a  h y p e rb o l ic  p a r a b o lo id  su rfa c e *  Thus one s u r f a c e  o f  th e  
p l a t e  h a s  th e  sh ap e  o f  a  h y p e rb o lic  p a r a b o lo id ,  and  th e  o p p o s i te  
s u r f a c e  i s  f l a t .  The s u r f a c e  o f  a  h y p e rb o lic  p a r a b o lo id  can  be e a s i l y  
g e n e ra te d  by m oving a s t r a i g h t  l i n e  p a r a l l e l  to  one o f  th e  two 
h o r iz o n t a l  a x es  o f  th e  p l a t e  on two o th e r  s t r a i g h t i  l i n e s  w hich  a re  
i n c l in e d  to  e a c h  o th e r  b u t p a r a l l e l  to  th e  o th e r  h o r i z o n t a l  a x i s .  
H ence, th e  th ic k n e s s  e q u a t io n  n o t  o n ly  e n a b le s  one to ' a t t a i n  th e  
o b je c t iv e  o f  in c r e a s in g  th e  th ic k n e s s  a t  th e  o b tu s e  c o rn e r s  o f  th e  
p l a t e  o r  s l a b  b u t  a l s o  y i e l d s  a  s u r f a c e  w hich h a s  th e  p r a c t i c a l  
ad v an tag e  o f  r e l a t i v e l y  ea sy  fo rm in g . M oreover, by  a d j u s t i n g  th e  
c o e f f i c i e n t  K i n  th e  e q u a t io n  one can  a t t a i n  v a r io u s  r a t i o s  o f  p l a t s  
th ic k n e s s  a t  th e  o b tu se  c o rn e r  to  t h a t  a t  th e  a c u te  c o r n e r .
W ith th e  th ic k n e s s  a s  g iv e n  by Eq. ( 5 - 2 5 ) ,  th e  f l e x u r a l  
r i g i d i t y  o f  th e  p l a t e  a t  any p o in t  becom es:
D = ......... ........... p—  =' D (1  -  K % E )5 .............................................. (5 -2 6 )
12(1 .. V“ ) °
w here i s  th e  f l e x u r a l  r i g i d i t y  a t  th e  c e n t r e  o f  th e  p la te®
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(e )  The G a le r k i n 's  P rocedu re .
To  a p p ly  th e  G a le r k i n 's  p ro c e d u re ,  a  d e f l c e t i o n  c o n f ig u r a t io n  
f o r  a  clam ped skewed p l a t e  i s  assumed a s :
W =  (5-27)
w here C^, and a r e  u n d e te rm in e d  p a r a m e te r s .
The b oundary  c o n d i t io n s  f o r  th e  clam ped p l a t e  a r e :
W = 0
. 0
3Ç
a t  V = ± b o r  1 = ± 1
and
W = 0
a t  U = ± a  o r  ^ = ± 1
. -  n
d x
w here ^  i s  i n  a  d i r e c t i o n  norm al to  th e  edge o f  th e  p l a t e  (Fig® 2)®
From Eq. ( 3 - 2 7 ) ,  i t  can  be r e a d i l y  shown t h a t  a l l  th e s e
boundary  c o n d i t io n s  a r e  i d e n t i c a l l y  s a t i s f ie d ®  I t  may be w o rth  n o t in g  
a l s o  t h a t  th e  d e f l e c t i o n  f u n c t io n  ch o sen  s a t i s f i e s  th e  p o la r  sym m etry , 
ioS®,  Y l(f,1 ) = V /(-^,~1 ) and  V /(-^,l]) = V /( |..-1 ) ,  w h ich  i s  a  n e c e s s a r y  
. c o n d i t io n  f o r  a  u n ifo rm ly  lo a d e d  skewed p l a t e .
S u b s t i t u t i n g  E q s . (5 -2 6 )  and  (3 -2 7 )  i n t o  E q. ( 5 - 2 4 ) ,  th e  
g o v e rn in g  é q u a t io n  can  be w r i t t e n  i n  th e  fo l lo w in g  form ;
e(% ,1 ) -  q/Do = 0 ................. (5 -2 8 )
S in ce  Eq. (3 -2 7 )  i s  o n ly  an  ap p ro x im a te  s o lu t i o n  to  Eq. ( 5 -2 4 ) ,
i t  i s  c l e a r  t h a t  Eq. (5 -2 8 )  i s  an e r r o r  f u n c t io n ,  w hich can  be
c o n s id e re d  as a  r e s i d u a l  lo a d . The t a t o l  w ork done by such  a  r e s i d u a l  
lo a d  d u r in g  a v i r t u a l  d is p la c e m e n t c o r re s p o n d in g  to  an  in c re m e n t S'A’ i s  
i d e n t i c a l l y  z e r o . ( - ^ )  phus m a th e m a tic a lly  e x p re s s e d :
14
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j T % .  (5 -2 8 )  S¥dy]d^ = 0 ..............  (5- 2$)
R
w here th e  d o u b le  i n t e g r a l  e x te n d s  o v e r  th e  p l a t e  r e g io n  R,
From Eq. (5 -2 $ ) and by  u s in g  Eq. (5 -2 ? ) ,  G a le r k in 's  p ro ced u re
r e q u i r e s
E q .(5 -2 8 )  d^dl = 0 ...........   (5 -50)
1-1 «Cq
w h e re . i  = 0 , 1 , 2 and 5 .
P e rfo rm in g  th e  i n t e g r a t i o n  in d i c a te d  in  Eq, (5 -5 0 )  y i e l d s ,  
a f t e r  some cumbersome a lg e b r a ,  f o u r  s im u lta n e o u s  e q u a t io n s ,  from  which 
th e  fo u r  p a ra m e te rs  can be o b ta in e d .  T hese pai?am aters a r e  th e n  in s e r t e d  
in t o  th e  e x p re s s io n  f o r  th e  d e f l e c t i o n ,  Eq. (5 - 2 7 ) ,  from  w hich 
d e f l e c t i o n s  a t  any  p o in t  w ith in  th e  p l a t e  b o u n d a rie s  can  be d e te rm in e d .
A programme coded i n  F o r t r a n  f o r  an  IBM 7094 com puter was u sed  
to  so lv e  f o r  th e  ■unlaiovn. p a ra m e te rs .
15
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( f )  Koment and D isp lacem en t R e la t io n s h ip
I t  was in d ic a te d  t h a t  th e  e x p re s s io n s  f o r  b e n d in g  and tw is t in g  
moments d e r iv e d  f o r  p l a t e s  o f  c o n s ta n t  th ic k n e s s  co u ld  be a p p l ie d  w ith  
s u f f i c i e n t  a c c u ra c y  to  p l a t e s  o f  v a r ia b le  th ic la ie s s  p ro v id e d  t h a t  th e re  
was no .a b ru p t v a r i a t i o n  i n  th i c k n e s s .
U sing  th e  tr a n s fo rm a tio n  r e l a t i o n s h i p s ,  Eqs. (5 -17)»  (5 -1 8 ) and 
(5 -1 9 ) » r e c ta n g u la r  moments can  be  e x p re sse d  i n  te rra s  o f  th e  d e f le c t io n  
V/ i n  o b liq u e  d im e n s io n le ss  c o - o r d in a te s ,  ^  and . Thus:
X •)
+ ( s  + VC ) d f ) . . . . . . ( 5-51)
■V ■
Do(iB)s-i y (5-32)
i o (v  -  i ) ( m -  i f
b^C
(3-33)
From th e  r e c ta n g u la r  moments H , M and th e  tw i s t i n g  moment Mx ’ y  %y,
th e  p r in c i p a l  moments, î-^ax ^ m 'n » can be c a lc u la te d  i n  th e  u s u a l  
m anner:
= - i - K  * V  + xy (3-34)
Hmin = -  n /  + 41':^   (3-35)
16
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Tlae d i r e c t i o n  in  w hich th e  maximum p r in c i p a l  s t r e s s  o c c u rs  i s
0  = ta n -1     . . . ( 5 - 3 6 )
'  % y
w here i s  th e  an g le  m earsu red  c lo ck w ise  from  th e  X d i r e c t i o n .
Once th e s e  moments a r e  known, th e  s t r e s s e s  can  he  r e a d i ly  
o b ta in e d  by m u l t ip ly in g  th e  c o r re sp o n d in g  moments by 6/ h ^ ,  i . e . ,
6M 6H
■ -« -  y  -  ....................................................................
6H 6m
-  y • ....................................... .....................................................................
Ï    ......................... ...................
6H : 6mmax _ g
max “  , 2  ~  , 2 ( .  ^«^^2
^  _ = - a  =   (5 -4 0 )
h^ h g d  -  K^^) 
and
6h  . 6M .
 .............
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is) O b s e rv a t io n  and D is c u s s io n  o f  T h e o r e t ic a l  R e s u l t s
T h e o r e t i c a l  r e s u l t s  f o r  c e n t r e  d e f l e c t i o n s ,  maximum moments 
and s t r e s s e s  a t  c e n t r e  and a lo n g  th e  edge f o r  v a r io u s  skew a n g le s ,  
a s p e c t  r a t i o s  and  th ic k n e s s  c o e f f i c i e n t s  a r e  shown i n  TABLE I .  I t  can  
be o b se rv e d  t h a t  th e  d e f l e c t i o n  c o e f f i c i e n t  Y/^  and  s t r e s s  c o e f f i c i e n t s  
S., and  S„ in v a r i a b l y  d e c re a s e  w ith  i n c r e a s in g  K, th e  th ic k n e s s  
c o e f f i c i e n t .  O b se rv in g  th e  th ic k n e s s  e q u a t io n ,  i t  c a n  be s e e n  t h a t  by 
in c r e a s in g  K th e  th ic k n e s s ; a t  th e  o b tu s e  c o rn e r s  o f  th e  p l a t e  i s  
in c r e a s e d  w h ile  t h a t  a t  th e  a c u te  c o r n e r s  i s  d e c r e a s e d .  H ence, th e  
o b je c t iv e  o f  r e d u c in g  th e  c r i t i c a l  s t r e s s e s  and th e  c e n t r e  d e f l e c t i o n  
o f  th e  p l a t e  by in c r e a s in g  th e  th i c k n e s s  a t  th e  o b tu s e  c o rn e r s  r e l a t i v e  
to  t h a t  a t  th e  a c u te  c o r n e r s  i s  a t t a i n e d .  F urthei*m ore, th e  r a t i o  o f  th e  
c o e f f i c i e n t  o f  th e  maximum edge s t r e s s ,  to  th e  c o e f f i c i e n t  o f  th e  
maximum c e n t r e  s t r e s s  i n v a r i a b ly  d e c re a s e s  w i th  i n c r e a s in g  K, T h is  
means t h a t  th e  s t r e s s e s  i n  th e  p l a t e  te n d  to  d i s t r i b u t e  more e v e n ly  
w ith  th e  assum ed v a r i a t i o n  i n  th i c k n e s s .
I t  i s  a l s o  to  be n o te d  t h a t  th e  volum e and h en ce  th e  m ass o f  
th e  p l a t e  a r e  d e c re a s e d ,  as  shown i n  TABLE I I ,
The p e rc e n ta g e  d i f f e r e n c e s  i n  th e  v a lu e s  o f  V/^, L ( th e  
volum e c o e f f i c i e n t )  and Sg/Sp when K = 0 and K -  0 .8  f o r  v a r io u s  skew 
a n g le s  and a s p e c t  r a t i o s  a re  shown i n  P ig s ,  5» 4» 5 and  6 , r e s p e c t i v e l y .  
The a v e ra g e  d i f f e r e n c e s  a r e ,  r e s p e c t i v e l y ,  25^ , 2 ?^ , 137° and 16^ .
I t  c a n  be a l s o  o b se rv e d  t h a t  p o in t s  o f  maximum s t r e s s  and 
maximum moment a lo n g  th e  lo n g e r  edge do n o t  c o in c id e ,  g e n e r a l ly ,  w ith  
th e  l a t t e r  b e in g  c l o s e r  to  th e  o b tu s e  c o r n e r .
F u r th e rm o re , th e  t a b u la r  r e s u l t s  show t h a t  th e  c e n t r e  
d e f l e c t i o n s ,  moments and s t r e s s e s  a t  c e n t r e  and a lo n g  th e  edge d e c re a s e
w ith  i n c r e a s i n g  skew and a s p e c t  r a t i o .
18
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(h )  C onvergency o f  R e s u lts
The convergenoy o f  th e  t h e o r e t i c a l  s o lu t io n  was checked  by 
com paring th e  r e s u l t s  o b ta in e d  from  o n e - , tw o -, t h r e e -  and f o u r -  
p a ra m e te r  s o lu t io n s ,  A sam ple o f  th e  r e s u l t s  a re  p re s e n te d  i n  TABLE I I I  
w here c e n t r e  d e f le c t i o n s ,  p r in c i p a l  c e n t r e  and edge moments, o b ta in e d  
from  th e  f o u r  s o lu t io n s ,  a r e  com pared. F o r th e  maximum moments a lo n g  th e  
lo n g e r  edge where c r i t i c a l  s t r e s s e s  may o ccu r th e  p e rc e n ta g e  d i f f e r e n c e s  
betw een  th e  r e s u l t s  from  th r e e -  and  fo u r-p a ra m e te r  s o lu t io n s  a re  l e s s  
th a n  1/u. As f o r  th e  c e n tr e  d e f l e c t i o n s  and maximum moments th e  
convergency  o f  th e  r e s u l t s  i s  n o t  a s  fa v o u ra b le ;  how ever, th e  r e s u l t s  
from  th e  fo u r-p a ra m e te r  s o lu t io n  a p p e a r  to  be c o n s e rv a t iv e ,  TABLE FT 
g iv e s  a  com parison  o f  c e n tre  d e f le c t i o n s  and  maximum moments a t  c e n tre  
and  edge f o r  clamped skewed p l a t e s  o f  c o n s ta n t  th ic k n e s s  w ith  K ennedy's 
r e s u l t s  o b ta in e d  from th i r ty - s ix - p a r a m e te r  s o l u t i o n . I t  can  be  seen  
t h a t  th e  r e s u l t s  from th e  two s o lu t io n s  compare q u i te  c lo s e ly .
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T/iBLE I I
V a r ia t io n  o f  Voluxne C o e f f ic ie n t  L v i t h  Skew fm g le , 
A sp ec t R a t io  and T hiclcness C o e f f ic ie n t  
( Volume = L ( q / f ) “a^  )
p K e = 15° e = 50° e = 45° 0 = 60° 0 = 75°
0 4.227 5.442 2.512 1.150 0.5055
0.2 4.107 5.558 2.258 1.111 0.2948
0 .4 5.964 5.208 2.144 1.066 0.2855
1.00 0.5 5.886 5.158 2.095 1.044 0.2775
0.6 5.805 5.065 2.049 1.020 0.2709
0.7 5.722 2.991 2.002 0.9962 0.2644
0.8 5.658 2.916 1.954 0.9717 0.2578
0 6.095 4.985 5.546 1.665 0.4420
0.2 5.951 4.857 5.258 1 .616 0.4299
0.4 5.757 4.654 5,125 1.558 0.4145
1.25 0.5 5.652 4.555 5.060 1.525 0.4055
0.6 5.524 4.455 2.994 1.492 0.5965
0.7 5.412 4.550 2.926 1.457 0.5869
0.8 5.299 4,246 2.858 1.422 0.5774
0 7.891 6.488 4.559 2.181 0.5822
0.2 7.687 6.289 4.256 2.122 0.5662
0.4 7.448 6.050 4.081 2.045 0.5447
1.50 0.5 7.519 5.925 5.996 1.999 0.5528
0.6 7.187 5.794 5.908 1.954 0.5206
0.7 7.052 5.665 5.819 I.9O8 0.5082
i
0 .8 6.914 5.555 5.751 1.862 0.4957
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TàBIE I I  ( C o n t 'd .)
p K e = 15° e = 50° G = 45° e = 60° 6 = 75°
0 9.642 7.955 5.565 2.695 0.7211
0.2 9.564 7.678 5.199 2.615 0.6991
0.4 9.077 7.585 4.997 2.510 0.6712
1.75 0.5 8.928 7.229 4.888 2.454 0.6561
0.6 8.775 7.075 4.778 2.598 0.6407
0.7 8.620 6.918 4.668 2.541 0.6255
0.8 8.462 6.765 4.559 2.285 0.6100
0 11.57 9.555 6.545 5.194 0.8564
0.2 11.02 9.018 6.128 5.087 0.8277
. 0 .4 10.64 8.665 5.874 2.958 0.7950
2.00 0.5 10.47 8.485 5.742 2.891 0.7747
0.6 10.50 8.504 5.609 2.825 0.7565
0.7 10.15 8.125 5.478 2.755 0.7579
0.8 9.955 7.948 5.548 2.688 0.7197
N ote; Volume = 4 ab ^ (S g q /f)^C o s9  = I< (q /f)^a^»  where S ^ -i s  th e  c o e f f ic ie n t  
f o r  th e  maximum edge s t r e s s  in  TABItS I ,  f  i s  th e  a l lo w a b le  s t r e s s  
o f  a  m a te r ia l ,a n d  1  i s  th e  volume c o e f f i c i e n t  i n  th e  t a b l e .
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ASPECT RATIO P
F ig .  6 , V a r i a t i o n s  i n  th e  P e rc e n ta g e  D i f f e r e n c e s  i n  th e  V a lu e  o f  
t h e  R a t io  o f  th e  Max. Edge S t r e s s  C o e f f i c i e n t  S^ to  t h e  
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and  K « 0 ,8  w ith  A sp e c t R a t io  P and  V a r io u s  Skew A ngle 0
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SABLE I I I
C om parison o f  D e f le c t io n s  and  Moments O b ta ined  
by  U sing  D i f f e r e n t  Kumber o f  P a ra m e te rs  
( D e f le c t io n  = ( b V ^ o )  fom ent = M ^ b \( lO )~ ^  )
0.5 T >
NDI-IBER OP PARAI'ETERS
J t  = o JT
1 2 5 4
15° 1.00 157.0 156.5 156.1 156.8
15° 1.50 54.75 52.97 55.80 55.88
50 "^ 1.00 99.71 99.29 98.99 101.9
60° 1.00 9.828 9.722 9.655 10.52
60° 1.50 5.560 5.429 5.474 5.674
o 15° 1.00 8,227 8.155 8.077 8.262
15° 1.50 5.658 5.570 5.720 5.764
Ml 50° 1.00 6.980 6,884 6.815 7.616
60° 1.00 2.280 2.191 2.155 2.627
60° 1.50 1.595 1.256 1.555 1.597
15° 1.00 -6.614 —6,606 -6,725 - 6.688
o 15° 1.50 - 5.189 -5.147 -4 .699 - 4.687
II n 60° 1.00 - 1.545 -1.540 -1.655 -1.645
60° 1.50 -1.259 -1.251 -1 .154 -1.125
P o is s o n ’s r a t i o  = 0 .5 i  = 1 , 2
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Com parison o f  C en tre  D e f le c t io n s  and I-Iaximnm Moments a t  C en tre  and Edge 
f o r  Clamped Skewed P la te s  o f  C o n stan t T h ickness  w ith  Kennedy’ s R e s u lts  
( D e f le c t io n  = V (b '^q /D q)(lO )'"^ , Moment = M ^ b \ ( lO )" ^  )
6 P
CENTRE EDGE
%1 ■ 'S - H 2
A uthor R ef. 14 A uthor R ef. 14 A utho r R e f. 14
15°
1 .0 0
1 .50
2 .0 0
180.9
61 .58
22.21
180.7
61.67
22 .44
8 .8 9 4
6 ,264
5.891
8.811
6 .218
5 .9 0 6
19 .95
15 .75
9 .019
19 .86
15.55
: 8 .670
50°
1 .0 0
1 .5 0
2 .0 0
121.0
41 .55
14 .98
120.5
41 .27
15 .08
8 .208
5 .227
5 .2 4 8
7 .906
5.101
5 .217
1 6 .45
1 1 .55
7 .5 6 4
15 .85
10.82
6 .970
45°
1 .0 0
1 .5 0
2 .0 0
5 2 .70
18 .26
6.740
52 .44
18.22
6,775
5 .720
5 .505
2 .1 8 4
5.585
5 .558
2 .146
11 .14
7.821
5 .259
10 .40
7 .070
4 .650
60°
1 .0 0
1 .5 0
2 .0 0
12 .59
4 .4 5 8
1.675
12.55
4.429
1.682
2 .822
1 .719
1.081
2.610
1.652
1 .058
5 .507
5 .916
2 .657
5 .509
5 .510  
2 .550
75°
1 .0 0
1 .5 0
2 .0 0
0 .8680
0.5099
0.1187
0.8644
0.5096
0.1195
0.7565
0.4500
0 .2856
0.6742
0.4242
0.2791
1.451
1 .042
0 .7128
1 .559
0 .9270
0 .6270
P o is s o n ’ s  r a t i o  =  0 ,5 i  = 1 , 2
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CHATTES IT  
EXPERIMENTAL ANALYSIS
(a )  Model M aking
To make th e  p l a t e  m odel, a  mould was f i r s t  made. The mould fram e 
was made o f  l / 2  i n .  th i c k  s h e e t  p l e x i g l a s ,  w hich was th e n  f i l l e d  w ith  
U l t r a c a l  p l a s t e r  p a s t e .  The to p  s u r f a c e ,  t h a t  o f  a  h y p e rb o lic  
p a r a b o lo id ,  was g e n e ra te d  by  s t r i k i n g  o f f  th e  m a te r ia l  w ith  a  s t r a i g h t  
edge m oving a lo n g  th e  to p  edges o f  th e  s id e s  o f  th e  b o x . A f te r  th e  
p l a s t e r  p a s te  was d ry  and h a rd , th e  s u r fa c e  o f  th e  mould was sp ra y e d  w ith  
b la c k  p a i n t .  The mould was 2 i n .  t h i c k  a t  th e  o b tu se  c o m e r s ,  and  1-|- i n ,  
a t  th e  a c u te  c o m e r s ,  w ith  th e  o th e r  d im en sio n s  b e in g  th e  same a s  th o s e  
o f  th e  in te n d e d  m odel (p h o to g ra p h  A ) , A skew ed p l a t e  was th e n  c u t  o u t 
from  a  nom inal 1 i n .  th i c k  s h e e t  p l e x i g l a s  to  th e  r e q u i r e d  p la n e  view  
d im e n s io n s , l e a v in g  5 in c h e s  a l l  a ro u n d  f o r  c lam p ing  p u rp o s e s . Then 
w ith  th e  h e lp  o f  a  co p y in g  m achine , th e  p l a t e  was c u t  to  th e  r e q u i r e d  
h y p e rb o lic  p a ra b o lo id  sliape a s  co p ie d  from  th e  mould w ith  a l l  p o s s ib le  
a c c u ra c y . To a v o id  s t r e s s  c o n c e n t r a t io n s ,  each  o f  th e  5 i n .  w ide 
s t r i p s  l e f t  a t  each  edge o f  th e  p l a t e  f o r  c lam ping  p u rp o se s  was f i r s t  
c u t  to  th e  same th ic k n e s s  a s  t l i a t  o f  th e  c o rre sp o n d in g  edge o f  th e  
m odel. The s t r i p s  were th e n  made i n t o  th e  same th ic k n e s s  (a b o u t 1 i n . )  
g lu in g  t i g h t l y  each  o f  them to  a  5 i n .  w ide wooden planlc (p h o to g rap h  A ). 
The g e o m e tr ie s  o f  th e  p l a t e  m odel w ere a s  fo l lo w s :
P a n e l le n g th  2b = $0 in .
A sp e c t r a t i o  P = b / a  = 1 .5 0  
Skew a n g le  0 = $0°
38
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T h ickness  c o e f f i c i e n t  E = 0 ,6  
T h ick n ess  a t  a c u te  c o m e r s :  0 ,2 1 0  in .
T liickness a t  o b tu se  c o m e r s :  O .91O in .
T h ick n ess  a t  c e n t r e :  0 .5 5 0  i n .
Only one p l a t e  m odel was t e s t e d ,  f o r  i t  was q u i t e  ex p en siv e  to  
make th e  p l a t e  m odel,.
39
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(b )  T e n s i le  T e s ts  on P lex j.p :las
To d e te rm in e  th e  Y o u n g 's  m odulus and P o i s s o n 's r a t i o ;  o f  th e  
p l e x i g l a s ,  f i v e  specim ens c u t  o u t from  th e  same s h e e t  o f  p le x ig la s  
u se d  i n  m aking th e  model w ere t e s t e d .  T h e ir  d im en sio n s  were in  
acc o rd an ce  w ith  th e  re q u ire m e n ts  o f  th e  ASTI-I S ta n d a rd  f o r  nom inal 1 i n ,  
t h i c k  p l a s t i c  m a te r i a l s .  To m easure th e  l o n g i tu d in a l  and t r a n s v e r s e  
s t r a i n s ,  a  2 - le g g e d  s t r a i n  gauge o f  l / 8  i n ,  gauge le n g th  was i n s t a l l e d  
on e ac h  o f  th e  specim ens a t  th e  i n t e r s e c t i o n  o f  th e  two sy m m etrica l 
a x e s .  The s t r a i n s  were re c o rd e d  ( f o r  m ethod o f  r e c o r d in g  se e  P . 43) 
f o r  e ac h  lo a d  in c re m e n t o f  250 I d s .
The a v e ra g e  v a lu e s  o f  P o is s o n ’ s  r a t i o  and Young’s  m odulus 
w ere found  to  b e  0 .3  and 4 7 0 ,0 0 0  p s i . , ,  r e s p e c t i v e l y .
41
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( c )  A p p a ra tu s  and P ro ced u res
P o u r m e ta l - f o i l  s t r a i n  r o s e t t e  gauges f o r  p l a s t i c  m a te r ia l s  w ere 
i n s t a l l e d  on th e  p l a t e  model a t  s e le c te d  lo c a t io n s .  A l l  th e se  r o s e t t e
O ’gauges a r e  o f  th e  3 - le g g e d  45 r e c ta n g u la r  ty p e ,  h a v in g  a  gauge f a c t o r  
o f  1 .9 7 ,  a  r e s i s t a n c e  o f  120 ohms and a  gauge le n g th  o f  l / l 6  i n .
T erm in a l s t r i p s  ( ty p e  T-50 ) w ere u sed  to  co n n ec t th e  le a d  vriLres to  th e  
gauge t a b s .  Tlie le a d  w ire s  w ere made o f  ITo. 26 s tra n d e d  copper w ire  and 
w ith  v in y l  i n s u l a t i o n .
A skewed fram e , u sed  i n  p re v io u s  e x p e r im e n ts , was r e -u s e d  a s  
th e  s u p p o r t in g  s t r u c t u r e .  The p l a t e  model was c u t  to  s u i t  th e  
d im en sio n s  o f  th e  e x i s t i n g  fram e w hich was made from  fo u r  s ta n d a rd  
s t e e l  c h a n n e ls  w ith  3 i n .  wide f l a n g e s ,  12 i n .  deep and  w eigh ing  20 ,7  
pounds p e r  f o o t .  The ch an n e ls  w ere s t i f f e n e d  w ith  I / 4  i n ,  v e r t i c a l  
s t i f f e n e r s ,  spaced  6 i n .  a p a r t .  The fram e was s u p p o rte d  by  fo u r  
s t r u c t u r a l  s t e e l  p o s t s .
The t e s t  p l a t e  w ith  a l l  th e  s t r a i n  gauges i n s t a l l e d  was p la c e d  
on th e  s u p p o r t in g  fra m e , w ith  th e  f l a t  s u r f a c e  f a c in g  downwards. To 
s im u la te  th e  clam ped edge c o n d i t io n s ,  th e  p a n e l  edges w ere sandw iched 
betw een  th e  f la n g e  o f  th e  ch an n e l and  a  1. i n .  th i c k ,  3 i n .  w id e , c o ld -  
r o l l e d  s t e e l  co v er p l a t e ,  A 1 /4  i n .  th i c k  p l a t e  c u t  i n t o  th e  same skew 
and  d im en sio n s  a s  th e  p a n e l was i n  tu r n  p la c e d  on to p  o f  th e  c o ld -  
r o l l e d  s t e e l  co v er p l a t e ,  . and th e  e n t i r e  edge assem bly  was th e n  
clam ped, by  s p e c ia l  c lam ps, spaced  3 i u .  a p a r t .  To c r e a te  an  a i r - t i g h t  
cham ber betw een  th e  1 /4  i n .  p l a t e  and th e  t e s t  p a n e l ,  t h i n  l e a t h e r  
g a s k e ts  were in s e r t e d  im m ed ia te ly  above and below  th e  edges o f  th e  
p a n e l .  The u n ifo rm  l a t e r a l  p r e s s u re  was p ro v id e d  by com pressed a i r ,  
m easured  w ith  a  m anom eter w hich was co n n ec ted  to  th e  v i c i n i t y  o f  th e
42 .
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c e n t r e  o f  th e  p a n e l .  A l i q u id  o f  2 .9 5  s p e c i f i c  g r a v i ty  was u sed  f o r  th e  
m anom eter.
The s t r a i n s  were m easured by means o f  two " SV itch  and B a lan c in g  " 
u n i t s  (model C10LC, Budd In s tru m e n t D iv is io n ) ,  a  d i g i t a l  s t r a i n  in d i c a to r  
and an  a u to m a tic  p r i n t  o u t u n i t  (pho to g rp h  B ) . To m easure l a t e r a l  
d is p la c e m e n ts ,  th r e e  1/IOOO i n .  d i a l  i n d i c a to r s  were i n s t a l l e d  a t  th e  
bo ttom  o f  th e  p la te  i n  s e le c te d  lo c a t io n s .
The lo c a t io n s  o f  th e  d i a l  in d i c a to r s  and th e  s t r a i n  gauges in  
te rm s o f  th e  o b liq u e  c o -o rd in a te  axes  V and U a re  ta b u la te d  in  TABLE V.
Three in d e p en d en t t e s t s  were perform ed  on th e  p l a t e  m odel w ith in  ' 
th e  e l a s t i c  l i m i t  w ith  t e s t  d a ta  o b ta in e d  f o r  b o th  lo a d in g  and u n lo a d in g . 
A ll  e x p e rim e n ta l r e s u l t s  f o r  d e f l e c t i o n s ,  p r in c ip a l ,  s t r e s s e s  and moments 
r e p o r te d  h e r e in  r e p r e s e n t  an  av e rag e  v a lu e  o f  t h i s  t e s t .  B oth th e  s t r a i n  
and l a t e r a l  d e f l e c t i o n  re a d in g s  a r e  in c lu d e d  in  APPENDIX B.
From th e  v a lu e s  o f  u n i t  s t r a i n s  E , E, a.nd E o b ta in e d  from eacha  D c
r o s e t t e  gauge, th e  p r in c ip a l  s t r e s s e s  and  moments were c a lc u la te d  i n  
th e  u s u a l  m anner;
max
min
E E + E a  c
“  2 (1 -  v)
E E 4- E a  c
"  2 (1 -  V)
( T  .max
C T  ■ .min
  (4 —2 )
.............................................................................................. (4- 3 )
\ i n  "  V "  ....................................................................................................... (4- 4 )
■ To f a c i l i t a t e  th e  co m p u ta tio n a l work, a  programme i n  F o r t r a n  was
w r i t t e n  f o r  an IBM com puter (APPHTDIX A) to  o b ta in e d  th e  p r in c ip a l  
s t r e s s e s  and moments.
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TABLE T
L o c a t io n s  o f  S t r a i n  G auges an d  D ia l  I n d i c a t o r s
P o in t V, i n . ■ U, i n .
S t r a i n
G auges
*
A - 6 .0 0 9.75
B* 0 9.75
C* - 1 4 . 7 5 9 .75
**
D 0 0
D ia l
In d .
D 0 0
E - 7 . 5 0 5 .0 0
P 7 .50 5 .0 0
* ;  Gauge o n  to p  s u r f a c e .
* *s  Gauge o n  b o tto m  s u r f a c e .
3 0
20 i n
■4- ■>
30 In,
Y,V,Y]
F ig .  7» P la n e  Y ietr D im ensions  o f  T e s t  P l a t e  M odel and  L o c a tio n s  
o f  S t r a i n  Gauges and  D ia l  I n d i c a t o r s
45
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(d )  O b s e rv a t io n  and C om parison o f  E x p e r im e n ta l R e s u l t s  w i th  
T h e o r e t i c a l  R e s u l t s
E x p e r im e n ta l and  t h e o r e t i c a l  r e s u l t s  f o r  d e f l e c t i o n s ,  
s t r e s s e s  and  moments a t  v a r io u s  p o i n t s  on  th e  p l a t e  a r e  p l o t t e d  i n  
F ig s ,  8 , 9 and 10 , r e s p e c t i v e l y .  O b se rv in g  th e s e  f i g u r e s ,  i t  c an  be 
s e e n  t h a t  th e  e x p e r im e n ta l  r e s u l t s  a t  th e  c e n t r e ,  p o in t .D ,  and  th e  
m id d le  o f  th e  lo n g e r  e d g e , p o in t  B, a r e  h ig h e r  th a n  th e  t h e o r e t i c a l  
r e s u l t s ,  w h ile  a t  p o in t  A th e  t h e o r e t i c a l  r e s u l t s  a r e  c o n s e r v a t iv e .  
T hese  d e v i a t i o n s  may be due to  th e  y i e l d i n g  o f  th e  ed g e s  o f  th e  p l a t e ,  
w hich  w ould  i n c r e a s e  th e  d e f l e c t i o n s ,  s t r e s s e s  and  m om ents a t  th e  
c e n t r e ,  and  d e c re a s e  th e  s t r e s s e s  and  mom ents a t  th e  e d g e s . S in c e  
th e  i d e a l  t h e o r e t i c a l  c la m p in g  c o n d i t io n s  assum ed i n  th e  a n a l y t i c a l  
s o l u t i o n  can  n e v e r  b e  r e a l i z e d  i n  p r a c t i c e ^  th e  d is c r e p a n c y  be tw een  
th e  e x p e r im e n ta l  and  t h e o r e t i c a l  v a lu e s  i n  th e  l a t e r a l  d is p la c e m e n t 
o f  c lam ped  p l a t e s  w i l l  a lw ay s  e x i s t  and  m ust be  ta k e n  i n t o  a c c o u n t 
i n  th e  d e s ig n  o f  su ch  p l a t e s .
The a v e ra g e  p e rc e n ta g e  d i f f e r e n c e s  b e tw ee n  th e  t h e o r e t i c a l  and  
e x p e r im e n ta l  r e s u l t s  a r e  shovm i n  th e  fo l lo w in g  t a b l e ;
P o in t D e f le c t io n . S t r e s s Moment
A — 27 28
B — 15 9
D 21 21 18
I t - h a s  b een  e x p e r im e n ta l ly  o b s e rv e d  t h a t  f o r  a  clam ped  skev/ed 
p l a t e  o f  c o n s ta n t  t h i c k n e s s  u n d e r  a  u n ifo rm  p r e s s u r e  th e  . m a g n itu d e s  
o f  th e  maximum s t r e s s e s  i n  th e  v i c i n i t y  o f  t h e  o b tu s e  c o m e r s  w ere o f
46 . .
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( 12^the same order as maximum stresses at the centre,' ■' but examining 
Fig. 9 » one can observe that the stress at the obtuse corner, point 
C, is only about 4 ^  of that at the centre. This phenomenon is of 
course due to the fact that the thickness at •th.e obtuse comers 
have' been increased relative to that at the acute corners or the 
centre.
The stress at point A is slightly lower than the stress at 
point B, which is contrary to the theoretical prediction. According 
to the theoretical analysis, point A is the position where the 
highest stress in the plate will occur. This deviation might be due 
to errors made in the experiment. Theoretical results show that the 
ratio of the stress at point A to that at ihie centre is 1,96, while 
the experimental results show that it is only 1,12,
It may be interesting to observe that the moment at the 
obtuse corner is nearly the same in magnitude as that at the centre.
Besides the possible yielding of the clamped edges of the ' 
plate, the deviations from the experimental to the theoretical 
results might be due to the following reasons;
(1) Inaccura^cy of the plate model;
(2) Possible drifting of strain gauges due to the heat from 
the current;
(5) Possible weakening of the plexiglas at spots where the 
solder-pen was applied to connect lead wires to strain 
gauges.
47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
T h e o ry ;
E x p e rim en t ; ©
oo
s
iH
a
BH
I
f t
1.60 .40 0.8 1 ,2 2.0 2 .4
LOAD i n  p s i
P ig .  8 . E x p e r im e n ta l  and  T h e o r e t i c a l  R e s u l t s  f o r  C e n tre  D e f l e c t i o n s
48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
800
0 .4 b
700
600
T h e o iy :
500
A
rt•H
to 400
I
300
200
100
1.6 2 .40 .4 1.2 2.00 . 80
LOAD i n  p s i
F ig .  9» E x p e r im e n ta l and T h e o r e t i c a l  R e s u l t s  f o r  P r i n c i p a l  S t r e s s e s
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
0 .4 b
T h eo iy  s
E x p e rim en t•H
•rf
20
1.6 2 .42 .01 .20.80 .40
LOAD i n  p s i
F i g ,  10 . E x p e r im e n ta l and T h e o r e t i c a l  R e s u l t s  f o r  P r i n c i p a l  Moments
50
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER Y 
GOKCLUSIONS
As a  r e s u l t  o f  t h i s  t h e o r e t i c a l  and  e x p e r im e n ta l  
i n v e s t i g a t i o n  on  clam ped  skew ed p l a t e s  w i th  v a r i a b l e  t h i c k n e s s  u n d e r  
a  u n ifo rm  l o a d ,  th e  f o l lo w in g  c o n c lu s io n s  may b e  dravm :
l i  The h ig h e s t  s t r e s s  i n  th e  p l a t e  o c c u r s  a lo n g  th e  lo n g e r  
ed g e  and  i s  d i s p la c e d  to w a rd s  t h e  o b tu s e  c o m e r ,
2 , The p o s i t i o n s  o f  th e  h i g h e s t  moment an d  s t r e s s  i n  th e  
p l a t e  do h o t  c o in c id e ,  g e n e r a l l y ,  w i th  th e  fo rm e r  b e in g  
c l o s e r  to  t h e  o b tu s e  c o r n e r ,
5 , C e n tre  d e f l e c t i o n s  and  maximum s t r e s s e s  a t  th e  c e n t r e  
a n d  a lo n g  th e  lo n g e r  ed g e  d e c re a s e  w i th  i n c r e a s i n g  r a t i o  
o f  p l a t e  t h i c k n e s s  a t  th e  o b tu s e  c o r n e r  to  t h a t  a t  th e  
a c u te  c o m e r ,
4 ,  The r a t i o  o f  th e  h ig h e s t  s t r e s s  i n  th e  p l a t e  to  th e  
maximum s t r e s s  a t  th e  c e n t r e  d e c r e a s e s  w i th  i n c r e a s i n g  
th i c k n e s s  r a t i o  m e n tio n e d  i n  3,
5 , D e f l e c t io n s ,  moments and  s t r e s s e s  d e c r e a s e  w i th  i n c r e a s e  . 
i n  skew and a s p e c t  r a t i o .
6 ,  E x p e r im e n ta l r e s u l t s  i n d i c a t e  t h a t  t h e  r a t i o  o f  th e  
s t r e s s  i n  t h e  v i c i n i t y  o f  th e  o b tu s e  c o r n e r  t o  t h a t  a t  
th e  c e n t r e  i s  l e s s  th a n  t h a t  f o r  c lam p ed  skew ed p l a t e s  o f  
c o n s ta n t  th i c k n e s s ,
51
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APPEIÎDIX A ■ 
COI-IPUTER PROGRiU^IES
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( a )  L is t ,  g f  V a r ia b le s
Programme Language:
P
THETA
AîîU
AK
B IG H (1 ,1 ).......... BIGM(4,4)
V (1 ) ..........V (4)
ETA, AXI
DEPL 
AI'K, Al'IY 
AI'DCY
Ain-nH
SMAX, a im
ALPHA
E
EA, EB, EC 
T
M eaning:
a s p e c t  r a t i o  P
skew a n g le  6
P o is s o n ’s  r a t i o  V
th ic lc n e ss  c o e f f i c i e n t  K
elem en ts  a t  l e f t  s id e  o f  m a tr ix  
e q u a t io n
e lem en ts  a t  r i g t h  s id e  o f  m a tr ix  
e q u a t io n ,  a l s o  p a ra m e te rs  C , C. 
Cgand C °  ' '
o b liq u e  d im e n s io n le s s  c o - o r d in a te s  
V) and Ç
d e f l e c t i o n  W
b e n d in g  moments M and M X y
t w i s t i n g  moment
maximum and  minimum p r in c i p a l
moments H and M .max min
maximum an d  minimum p r in c i p a l  
s t r e s s e s  and
a n g le  d i r e c t i o n  o f  maximum 
p r i n c i p a l  moment o r  s t r e s s
Young’s  m odulus
u n i t  s t r a i n s  i n  th e  th r e e  le g s  o f  
a  r o s e t t e  gauge E^, E^ and E^
th ic lo ie s s  o f  p l a t e  h  o r  h
55
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(b) Plovfchart of Propyarnme for Theoretical Analysis
Start
CALL
SÜL1 (P,TrIETA,Airo,AK,G)
CALL
SUB2 (P ,Q HETA,A lrtr,AK,G )
C STOP
Main L ink.
SÏÏBROUTIÎIS 
STIB1 (P,THETA,AITU,AK,C)
\  READ
■ \ P ,THETA,AHU,AK
G(178) = f(Q,AMJ,C)
R(515) = f(P ,S ,A E )
Q(7) = f(R ,P ,A IH J ,A K ,S ,G ,)
TEA = THETA 180
54
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SüBRÔÜTHË 
SUB2(P, THETA, MU, AK, G)
TEA = THETA 7T180
S = DSIN(THA) 
C = I)COS(THA)
BIGM(4,4) '=  f(G ) 
v (4 )  = f ( c )
CALL
DLEQU(0 , 3 IG M ,4 ,4 ,V ,1 ,LUCK)
WRITS
\  P,THETA, M U , AK,7, LUCK
READ
TET A(I ) , 1=1,17
T A X I(J ) ,J= 1 ,2
©
I  = 1 ,17
ETA = TETA(I)
DEPL = f(H rA ,A X I,V )
AI;IX,AMY,AA1XY = f(STA , 
A X I,M U ,A K ,P ,S ,C ,V )
A}EiAX,APmiN = f(AÎ;îX,AÆY,AIÆXï)
SMAX,SMIH = f(AlÆMAX, 
AimiH,AK;ETA,AXl)
J  = 1 ,2
AXI = TAXI(J)
AMX -  AMTAMXr
ALPHA ALPHA 
=  0°
ALPHA 
= 45
ALPHA
=f(AMX,AMY,AMXY)
'
WRITE
AXI, ETA, SMAX, 
SMIH,AimiAX, 
AMMIÎÎ,DEFL, 
ALPHA
(  R E T U R N J
O v e rla y  S u b ro u t in e  SUB2
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(c) Fortran PrograBroe for Theoretical Analysis -
( F o r IBÎ'I 7094  Computer )
C  . a n a l y s i s  o f  C L A M P E D  S ' < Z v ; 2 0  P L A T E S
C  , vV I T H  V A R I A B L E  T H I C K N E S S  .
D O U B L E  P R E C I S I O N  G ( I 7 8 )  ' ....................................................................................
3 7 3  C A L L  S U 8 1 ( P , T H E T A , A N D , A K , G )  '
C A L L  5 U 3 2 ( P ,  T H E T A ,  A N D  ,  A K , G )  -- -  .
- _____  G O .  T O  3 7 3
E N D  • • '
S I B F T C  S U E  A  . . . . .    -. — ... -  ........
S U B R O U T I N E  S U B  1 ( P  ,  T H E T  A  ,  A N U  ,  A i <  ,  G  )
D O U B L E  P R E C I S I O N  R  ( B  1 5  ) ,  G  ( 1  7 8  ) ,  Q  1 ,  Q 2  ,  Q B  ,  0 4  ,  ÛE3 ,  Q 6  ,  Q 7  ,  A  1 ,  A 2  ,  A 3  ,  A 4  » .
X A 5 1 A 6 , A 7 , A Q , A 9 , A  1 O , A 1  1 , A  1 2 , B 1 , 8 2 , 8 3 , B 4 , 5 5 , 8 6 , 5 7 , 5 3 , 8 9 , 3 1 0 , 5 1 1 , 3 1 2 ,  
X 3 1 3 , 5 1 4 , 5 1 5 , 8 1 6 , 3 1 7 , 0 1 8 , 3 1 9 , 5 2 0 , 3 2 1 , 3 2 2 , 5 2 3 , 8 2 4 , T H A , P 2 , R 3 , 5 2 , C 2 ,  
X A K 2 , A K 3 , Z , Y U  .
R E A D  ( 5 , 9 9 )  P ,  T H E T A  ,  A N U ,  A K .......................    ;  . . . .  . . . . .  ;   '
9 9  F O R M A T  ( 4 F 6 . 3 )
T H A  =  T H E T A - ^ - 3 .  1 4  1 5 9 2 6 - 5 3 5 8 9 7 9 / ' l S 0 .  . - .  ’ . .  ' ...............
S  =  D S I N C  T H A ) . ■
C  =  D C O S (  T H A )  . . . . . . .  - ■ . .
P 2 = P - X - P
P 3 = P 2 ^ P  - . • ■
S 2 = S * S  '
A 1 = P 2 * P 2
A 2 = - 4  , * 5 * P 3  .'
A 3 = 2 . * P 2 * (  1 . + 2 . i ( - S 2 )  _ ■ . ■ . • • . ..
A 4 = - 4 . * S * P  . . .  '
A 6  =  - 3  . - X - S A - P 2  . ■ •
A 7 = P * (  1 . + 2 . * 5 2 )  . .  . . .... , .......................................
A 8 = ~ S  - . -
A 9  =  P 2     . .   .
A  1 0  =  — 2  •  *  S * P
A i 2 = s 2  ■ ■
a ; < 2 = a k * a <  ' _ . . . . . .
A K 3  =  A K 2 - x- A K  • • ■ .
s i = - 3 . * A K  ; :   '
B 2  =  3 . - x- A K 2  - ■
B 4 = S * A K
3 5 = - p * a ; <        - - .
3 6  =  - 2 . * 5 * A K 2  . '  . .
. B 7  =  2 . * P * A K 2  . .  . .
3 8  =  3 - x- a : < 3  -  ,
8  9  =  ~  P  'X' A  . < 3.
3 1 0  =  - A : <
5 1 1 = 2 . * A ù C 2  ;  . . . _  .......... ........................
B 1 2 = S * P * A K
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B 1  3  =  A K 2      ,    ;  ______________________
B 1  4 = - 4 . - x - S - x - P * A , < 2  
B 1 5 = P 2 * A K 2  
■ - B 1 6 = 3 . * 5 * P * A < 3
........................... . B 1 7 = - F ^ > * A K 3  .. _ . '  . . _ . -
B 1 8  =  S 2 - X - A i < 2  -
. 1   ................. _ . B 1 9 = - S 2 * A K 3  . .........................    .: .............................
B 2 0 = P * A K
........................ .  . 3 2 1 = 2 . * S * A K 2  ; ............   '
B 2 2 = - 4 . * P * A < 2  
G 2 3 = - 2 . * S * A K 3
3 2 4  =  3 .  * P - X - A i < 3
C 2  =  C * Ç  .       1 ...... .. . '   ; .......................
.....................................     Z = 6 . * C 2  '  ■
■ Y U  =  Z - x - ( A N U - 1 •  )
'  . R (  1 ) = 2 4 . * A H - 1 2 . * A 2 + 1 6 . * A 3 + 1 2 . * A 4  +  2 4 .
R C 2 ) =  —5 0 » ' X - A 2 —4 S . - X A 3  — 7 2 .  ^ A 4  — 4  3  »
R  ( 3  ) =  -  1 2  0  . -X-A 1 - 9 6  . - X - A 2 - 1 4  4  . -x-A 3 - 9 Ô  . -X-A 4  -  1 2 0  .
R ( 4 ) = - 4  3 . * A 1 - 7 2 . * A 2 - 4 0 . * A 3 - 6 0 . * A 4
’•............................... R ( 5 )  = 6 0  .  X A 4 + 2 4  .
R ( 6 )  = 2 4  0 . ^ - A 3 + 9 6 . - X A 4 + 2 4  0 .
. R ( 7 ) = 3 6 0 . * A 2 + 1 4 4 . * A 3 + 3 6 U . * A 4  
R  ( 3  )  = 2 4 0  . -X A  1 + 9 6  . - X - A 2 + 2 4  C  ,  * A 3
...................................  R ( 9 ) = 2 4  . - X A 1 + 6 0 . - X A 2  '
 ......................... R (  1 0 )  = - 1 2 0 . ............................................................... ................... y. .
' ..................R (  1 1 ) = - 3 0 0 . *  A 4  "
R ( 1 2 ) = - 4 0 0 . * A 3
R (  13 )  = - 3 0 0 . - x A 2  . ■
R (  1 4  ) = - 1 2 0 . X - A 1
R (  1 5 )  = - S . - X a 3 - 6 . - X / A 4 - 4 B .  -
R  < 1 6  ) = 2 4  • ' X A 3 + 3 Ô  .  x A A + 9 6  .
' .........................  R {  1 7 ) = 4  8 . * A 2 + 7 2 . ' X A 3 + 1 9 2 . * A 4  +  2 4 0 .
R (  1 3 )  = 2 4  . - X A l + 3 6 .  ■ X A 2 + 9 6 . - X A 3 + 1  2 0 . - X A 4 + 3 6 0 .
 ■..................................R (  1 9 )  = - 3 0 . * A 4 - r 4  3 .
R ( 2 0 )  = - 1 2 0 . x  A 3 - 1 9 2 . - X A 4 - 4 3 0 .
   R ( 2 1  ) = - 1 8 0 . X A 2 - 2 8 3 . - X A 3 - 7 2 0 . - X A 4 - 7 2 0 .
R ( 2 2  ) = - 1  2 0 . X A 1 - 1 9 2 . - X A 2 - 4 8 0 . - X A 3 - 4 S 0 . - X A 4 - 3 4  0 .
■ ' - R ( 2 3 )  = - 4 8 . * A 1 - 1 2 0 . - x a 2 - 1 2 0 . - X - A 3 - 2 1 0  . - X A 4
R ( 2 4 ) = 2 4  0 .
' R ( 2 5  ) = 6 0 0 . - X A 4 + 3 6 0 .
R C 2 6 )  = 8 0 0 . - X A 3 + 4 8 0 . X A 4 + 1 6 8 0 . '
R ( 2 7 )  = 6 0 0 . x A 2 + 3 6 0 . - X A 3 + 1 2 6 0 . - X À 4  
R C 2 3 )  = 2 4 C . - x A 1  +  1 4 4 . - X A 2 + 5 0 4 . - X A 3
'  ■.................................  R  (  2 9  ) = 2 4  .  * A  1 + 3 4  .  * A 2  ' '  '
R ( 3 0 ) = - 8 4 0 .
 ................... R  C 3 1  ) = -  1 0 5 0 . * A 4  ■ ,
R C 3 2 ) = - 3 4 0  , * A 3  
R (  3 3 )  = - 4  2 0 . - x a 2
R C 3 4 ) = R (  1 4  ) ■
R (  3 5  ) = - 4 3 .  X A I - 6 . - X A 2 - 8 . - X A 3
R (  3 6  ) = 3 6 0 . - X A I +  1 2 0 . - X A 2  +  9 6 .  X A 3  +  3 5 . - X A 4  +  2 4  .
R  ( 3 7  ) = 2 4  0  . + A  1 + 1  9 2  . - X A 2  +  7 2  . - X A 3 + 4 3  . -X A 4  
R (  3 3  ) = 9 6  . - X A I + 3 5 .  X A 2 + 2 4  . - X A 3  
R  (  3 9  ) = - 2  1 0  .  * A 2 -  1 2 0  .  * A 3 - 1  2 0  .  -x A 4 - 4  8  •
R (  4 0  ) = - S . 4 0  . - X m  1 - 4 3 0 . ' - X A 2 - 4 S C . - X A 3 - I  9 2 . - X - A 4 - 1 2 0  .
 : . ... .   . . .  ; 57 - .
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R ( 4 1  ) = - 7 2 0 . - X A l - 7 2 0 . - x A 2 - 2 8 8 . X A 3 - ! 8 0 . - X A 4  
R  ( 4  2  ) =  - 4  B  j  .  -X A  I -  1 9 2  .  X / \ 2 - 1  2 C  .  X A 3  
R ( 4 3 )  = - 4 3 . - x - A l - 3 a . - x - A 2
R ( 4 4  ) = 3 4  . - X - A 4  +  2 4 .  .
R  ( 4 5  ) = 5 0 4  .  X a ‘3 + I  4 4  .  X A 4 + 2 4 0 .  ; •
R  ( 4  6  ) =  1 2 6 0 . .  X  A 2  +  3 6 0  .  X A 3  +  6 0 0  .  X  A 4  
. R (47) = 1680.*A 1+4 S O .*A2+8üO.*A3 ' .
R(4B) = 3 6 0 . * A 1 + 6 0 C . * A 2  
'  R  ( 4 9  ) = 2 4 0 . - X A I  
R ( 5 0 ) = R ( 1 0 )
R C 5 1 ) = - 4 2 0 . x A 4  
R ( 5 2 ) = R ( 3 2 )
R ( 5 3 )  = - 1 0 5 0 . - X A 2     . ......... .................
R ( 5 4 ) = - 8 4 0 . - x A l  '
R ( 5 5 ) = 4 . - X A 3  . ••
R ( 5 6 )  = - 4 8 . - X A 3 - 1 8 . - x A 4 - 4 8 .  - ,
R  ( 5 7  ) = - 9 6 . - X m 2 - 3 6 . - X A 3 - 9 6 . - X m 4  
R  ( 5 3  ) = - 4 3 . - X A l - 1  a  . - X A 2 - 4 8  . - X A 3  
R  ( 5 9  ) = 6  O  . -X A 3 + 6 0  .  X A 4 + 9 6  .
R ( 6 0 )  = 2 4 0 .  S - A 2 + 2 4 Ü . - X A 3 + 3 8 4  . - X A 4 + 2 4 0 .
R ( 6 1  ) = 3 6 0 . - x A 1 + 3 6 0 . - X A 2  + 5 7 6 . - x a ' 3 + 3 6 0 . - x A 4 + 3 6 0 .
I R  ( 6 2  ) = 2 4  0  .  - XA 1 + 3 3 4  .  X A 2 + 2 4 0  .  - X A 3 + 2 4  0  .  - X A 4  
R ( 6 3 ) = 9 6 . - X A 1 + 6 0 . * A 2 + 6 0 . X A 3  ' . . .
R ( 6 4  ) = - 4  2 . - x A 4 - 4  8 .
■ R ( 6 5 )  = - 2 5 2 . - x A 3 - 2 S 8 . - x A 4 - 4 8 0 .
R ( 5 6  ) = - 6 3 0 .  X A 2 - 7 2 0 . - X A 3 - 1 2 0 0 . - X A 4 - 7 2 0 .
R  (  6 7 .  ) =  -  8  4  0  .  - XA 1 -  9 6 0  .  - X A 2  -  1 6 0 0  .  - X A 3 - 9 6 0  .  X  A 4  -  3 4  0  .  
R (6 3 )= - 7 2 0 .X A 1-12 0 0 . X A 2 - 7 2 0 .*43-630.*A4 
R (6 9 )= - 4 3 0 .X A I - 2 8 3 .X À 2 - 2 5 2 . *A3 
R  ( 7 0  ) = - 4  3  .  X A  1 - 4  2  . - X A 2  
. R ( 7 1 ) = R ( 2 4 )
• R ( 7 2 ) = 3 4  0 . - X A 4 + 3 6 0 .
R (  7 3  ) =  1 6 8 0  . - X A 3 + 7 2 0 .  X A 4 + 1 6 0 0 .
R ( 7 4 ) = 2  r O O . x A 2 + 9 0 0 . X A 3 + 2 I 0 0 . X A 4  
R  ( 7 5  ) =  1 6 3 0  .  X A  1 + 7 2 0  . - X A 2 + 1 6 8 0  .  X A 3  
R ( 7 6 ) = 3 6 0 . * A 1 + 8 4 0 . X A 2
; R ( 7 7 ) = R ( 4 9 ) .....................   •
R ( 7 8 ) = R C 3 0 )
, R ( 7 9 ) = - 1 4 7 0 . X A 4  '
R ( 3 0 ) = - 1 7 6 4 . X A 3  ■
R ( 8 1 ) = - 1 4 7 L . X A 2  
R ( 3 2 ) = R ( 5 4 )
. R  ( 3 3  ) = 2 4  .  X A 5 + 1 2  . - X A 6  + 1 6  . - X A 7 + 1 2  .  X A 8  
R ( 3 4 )  =  1 2 . X A 5 + 1 6 . * A 6 + I  2 . * A 7 + 2 4 . X A 3  
R  ( 8 5  ) = - 2 0  . - X A 6 - 1 6  . - X A 7 - 2 4  . - X A 8  
R ( 3 6 ) = - 6 0 . * 4 5 - 4 0 . * 4 6 - 7 2 . * 4 7 - 4 3 . * 4 8  
R ( S 7 ) = - 4 3 . * 4 5 - 7 2 . * 4 6 - 4 8 . * 4 7 - 6 0 . * 4 0  
R ( 8 3 ) = - 2 4 . * 4 5 - 1 6 . * 4 6 - 2 0 . * 4 7
.. R ( 8 9 ) ' =  I 2 .  X A 8  . . .  . . . . . . . .    . . .
R ( 9 0 )  = 6 0 .  X A 7 + 2 4 . - X A 3  
R  ( 9  1 1 = 1 2 0 .  -Xm 6  +  4 0  .  * A 7 +  I 2 0  .  * A 8  
R ( 9 2 ) = 1 2 0 . X A 5 + 4 8 . * A 6 + 1 2 0 . * A 7  
’ R ( 9 3 ) = 2 4 . x A 5 + 6 0 . * A 6  
R ( 9 4 ) = 1 2 . * a 5
R ( 9 S )  = - 6 0 . * A 0 ,  ■ ................................ .
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R ( 9 Ô  ) = — 1 0  0  •  *  A  7
R ( 9 7  ) - -  1 0 0 . * A 6
R  ( 9 8  ) = - 6 0 . * A 5
R ( 9 9  ) = - 3 . * A 7 - 6 . * A 3
R ( 1 0 0 =  —3  « A 6 —6  « * A 7 —4 3  •  * A B
R ( 1 0  1 = 0 . X A 7 + 1 2 . * A 3
_ R ( 1 0 2 =  2 4  ,  X A 6 + 3 6  ,  - X A 7 + 9 6  .  * a 8
R ( 1 0 3 =  2 4 . * A 5 + 3 5 . X A 6 + 9 6 . * A 7 + 1 2 0
R ( 1 3 4 = 1 2 . * 4 5 + 3 2 . * 4 6 + 4 0 . * 4 7 + 1 2 0
R ( 1 0 5 =  — 6  • *  A  3
R ( 1 0 6 = - 3 0 . * 4 7 - 4 0 . * A S
R C 1 0 7 = - 6 0 . * 4 6 - 9 6 . * 4 7 - 2 4 0 , * 4 8
R ( I  0 0 = - 6 0 . * 4 5 - 9 6 . * A 6 - 2 4 0 . * 4 7 - 2
R ( I  0 9 =  - 4 3 .  * + v 5 -  1 2 0 .  * A 6 -  1 2 0 .  * A 7 -
R ( 1 i  0 =  —2 4 . * 4 5 — 2 4 . * 4 6  — 4 2 . * 4 7
R ( 1 1 1 = 1 2 0 . * A 3  ' ■ -
R  ( 1 I 2 = 2 0 0 . * 4 7 + 1 2 0 . * 4 8
R ( 1 1 3 = 2 0 0 . * 4 6 + 1 2 0 . * 4 7 + 4 2 0 . * 4 8
R ( 1 1 4 = 1 2 0 . * 4 5 + 7 2 . * 4 6 + 2 5 2 . * 4 7
R C 1 1 5 =  2  4  .  *  A  5 + 8  4  .  *  A  6
R  C 1 1 6 = R ( 9 4 )
R ( 1 1 7 = - 2 1 0 . * A 8
R ( 1 I S = ~ 2 l O . * A 7
R ( 1 1 9 = — 1 4 o . * A 6
R ( 1 2 0 = R C 9 3 )
R C 1 2 1 =  —4  3 . * A 5 —6 . * 4 6 —8 . * A 7
R C 1 2 2 = —6 . * 4 5 —8 . * 4 6
R C 1 2 3 = 1 2 0 . * m 5 + 4 0 . * A 6 + 3 2 . * A 7 + 1 2
R C 1 2 4 = 1 2 0 . * 4 5 + 9 6 , * 4 6 + 3 6 . * 4 7 + 2 4
R C 1 2 5 =  9 6 . * 4 5 + 3 6 . * 4 6 + 2 4 . * 4 7
R  C 1 2 6 =  1 2 .  * 4 5 + 3  .  * - A 6
R  C 1 2 7 = - 4 2 . * 4 6 - 2 4 . * 4 7 - 2 4 . * A 8
R C 1 2 8 = - 2 1 u . * 4 5 - 1 2 0 . * 4 6 - 1 2 0 . * 4 7
R C 1 2 9 = - 2 4  0 . * 4 5 - 2 4  0 . * 4 6 - 9 6 . * 4 7 -
R C 1 3 0 = - 2 4  0 . * 4 5 - 9 6 . * 4 6 - 6 0 . * 4 7
R  ( 1 3 1 = - 4 8 . * 4 5 - 3 0 . * 4 6
R C 1 3 2 =  - 6 . * 4 5 ,  ....................................•
R ( 1 3 3 =  R - C 3 9 )  ■ ■
R C 1 3 4 =84. * 4 7 + 2 4 . * 4 8
R C 1 3 5 = 2 5 2 . * 4 6 + 7 2 . * 4 7 + 1 2 0 . * 4 8
R  C 1 3 6 = 4  2 0 . * 4 5 + 1 2 0 . * 4 6 + 2 0 0 . * 4 7
R c ' I 3 7 = 1 2 0 , * 4 5 + 2 0 0 . * 4 6
R C I 3 8 =  1 2 0 ,  * 4 5  ............  ............................ :
R C 1 3 9 = R ( 5 5 )
R C 1 4 0 = - 1 4 0 . * A 7
R C 1 4  1 = —2 1 O . * 4 6
R C 1 4 2 = - 2 1 0 . * 4 5  ................
R C 1 4 3 = 4 . * 4 7
R C 1 4 4 =  4 . * 4 6
R C 1 4  5 = - 1 6 . * A 7 - 6 . * A 8  .
R C 1 4 6 = - 4 8 . * 4 6 - 1 3 . * 4 7 - 4 3 , * 4 3
R C 1 4 7 =  — 4  3  .  *  Àn 5  — 1 3  .  *  a 6  — 4  3  .  *  4  7
R C 1 4 8 =  —6 . * ' , 5 — 1 6 .  * 4 6
R  C 1 4 9 = 1 2 . * 4 7 + 1 2 . * 4 3
R C 1 5 0 =  6 0 . * 4 6 + 6 0 . * 4 7 + 9 6 . *  A 8
r A 8
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..................... R (  1 5 1  ) =  1 2 0 . - X - A 5 + I 2 0 . X A 6 + 1 9 2 . - X A 7 - I - 1 2 0 . X A S  ............. ........
R ( 1 5 2 ) = I 2 0 . X A 5 + I 9 2 . X A 6 + 1 2 0 . X A 7 + 1 2 0 . * A 8  
R ( 1 5 3 ) = 9 6 . x A 5 + 6 0 . X A 6 + Ô Ü . X A 7  
;  . R (  1 5 4  )  =  1 2 . X - A 5 + 1 2 . - X A 6
R (  I 5 5 ) = R (  1 v v 5 )  ........................................ .....................
R (  1 5 ô ) = - 4  2 . x- A 7 - 4 S . * A S
R (  1 5 7 ) = - 1 2 6 . * A 6 - I  4 4 . * A 7 - 2 4 0 . * A 8  .  _ .
R  ( I 5 3  ) =  — 2  1 L  » *  A 5 “ 2 4 0  .  *■ a 6 ~ 4  0 0  •  *■ a 7 ~ 2 4  0  .  * A 8  
R  ( 1 5 9  ) =  —2 4  '•-' •  *  A 5  — 4 0 0  » *■ a ô —2 4  0  .  * A 7 — 2  1 0  « *  A 3  
• R  ( 1 6 0  ) =  - 2 4 0  .  X - A 5 -  1 4 4 .  * A 6 -  1 2 6  .  * A 7
R (  1 6 1  ) = - 4 3 . * A 5 - 4 2 . * A 6     ' L.
R ( 1 6 2 ) = R ( 1 3 2 )  •
■ R (  1 6 3 ) = R (  1 1 1 )         . . . . .  . . . ,  .
R ( 1 6 4 )  =  2 3 0 . X À 7 + 1 2 0 . * A 8  
■ R ( 1 6 5 ) = 4 2 0 . * A 6 + 1 8 0 . - X A 7 + 4 2 C . * A 8  
’ R (  166 ) = 4 2 0 , * A 5 + 1 3 0 , - x - A 6 + 4 2 0 . * A 7  
. R C  1 6 7 ) =  1 2 C  . X - A 5 + 2 8 0 . X A 6  
R C 1 6 8 ) = R C 1 3 8 )
■ ' R C  1 6 9 ) = R (  1 1 7 )        _  ............
. R C 1 7 0 ) = - 2 9 4 . x A 7
R C  1 7 1  ) =  - 2 9 4 . * A 6  
R C 1 7 2 ) = R C 1 4 2 )
R C 1 7 3 ) = 1 2 . * A 9 + 1 6 . * A 1 0 + 1 2 .
R C  1 7 4  ) =  1 6 . - X A 9 + 1 2 . X - A 1 0 + 2 4 .
' R C  1 7 5 ) = - 2 0 . * A 9 - 1 6 . - : : - A 1 0 - 2 4 .  '  . '  .
■ ’ R C 1 7 ô ) = - 4 3 . * A 9 - 7 2 . * A 1 0 - 4 8 .
R C 1 7 7 ) = - 7 2 . x A 9 - 4  8 . * A 1 0 - 6 0 .
R C 1 7 3 ) = - 1 6 . * A 9 - 2 0 . * A 1 0
R C 1 7 9 ) = 1 2 .  ■ '  ■
R  C 1 8 0 ) = 6 0 . * A 1 0  +  2 4 .
R C 1 8 1 ) = 1 2 u . * a 9 + 4 S . * A 1 0 + 1 2 Q .  • ;  .
. R C  1 8 2 )  = 4 8 .  X A 9 + 1  2 0 .  X A I  O
R C 1 8 3 ) = 6 0 . * A 9
V ■ R C  l B 4 ) = - 6 0 .  '.................. ................ ............
R C 1 8 5 ) = - l O O . * A 1 0  
R C 1 8 6 ) = - l O O . * A 9  
R C 1 8 7 ) = - S . * A 1 0 - 6 .
R C  1 8 3 )  = - 3 . * A ' 9 - 6 . * A l  0 - 4 8 .  . .
R C 1 8 9 ) = 8 . * A 1 0 + 1 2 .
R C  1 9 0 )  =  2 4 .  X - A 9 + 3 6 . X A  1 0  +  9 6 .
R C 1 9 1 ) = 3 6 . * A 9 + 9 6 . * A 1 û + 1 2 û ,
R C I  9 2 ) = 3 2 . X A 9 + 4  0 . X A 1 0 + 1 2 0 .
R C 1 9 3 ) = - 6 .
...............................................R C  1 9 4 ) = - 3 0 . X - A 1 0 - 4 8 .   ...............................................'    '  "..............  .....................
R C 1 9 5 ) = - 6 0 . * A 9 - 9 6 . * A 1 0 - 2 4 0 .
R C  1 9 6 )  = - 9 6 . - " - A 9 - 2 4 0 . X A  1 0 - 2 4  0 .
R C  1 9 7 )  = - 1 2 0 . *  A 9 - 1 2 Ü . - X A 1  0 - 2 1  0 .
R C 1 9 3 ) = - 2 4 . * A 9 - 4  2 . * A 1 0  
R C 1 9 9 ) = 1 2 0 .
R C 2 0 0 ) = 2 0 0 . x - A 1 0 + 1 2 0 .
R C 2 0 1 ) = 2 0 0 . * 4 9 + 1 2 0 . * A 1 0 + 4 2 0 .
R  C 2 0 2 )  =  7 2 . * A 9  + 2 5 2 . * A 1 0  
R C 2 0 3 ) = 8 4 . * 4 9  
R C 2 0 4 ) = - 2 1 0 .
, R C 2 0 5 )  =  - 2 1  O . - î i - A l O ...........................................................    ;
» .
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R ( 2 0 ô  
R ( 2 0 7  
R C 2 0 3  
R C 2 0 9  
R ( 2 1  0  
R ( 2 1  1 
R ( 2 1  2  
■ R ( 2 1  3  
R  ( 2  1 4  
R  ( 2  1 5  
R  ( 2  1 ô  
R ( 2 1  7  
' R ( 2 1 8  
R  { 2  1 9  
R C 2 2 0  
RC221 
R ( 2 2 2  
R C 2 2 3  
R C 2 2 4  
R C 2 2 3  
R ( 2 2 6  
R C 2 2 7  
R ( 2 2 8  
R ( 2 2 9  
R C 2 3 Û  
R ( 2 3 1  
R ( 2 3 2  
R C 2 3 3  
R C 2 3 4  
R C 2 3 5  
R ( 2 3 6  
R ( 2 3 7  
R ( 2 3 8  
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l G ( 7 7 ) / 3 0 6 7 3 5 . - G ( 7 8 ) / 4 7 4 O 4 5 . + 6 ( 7 9 1 / 2 5 5 2 5 5 .  ............ ............
3 1 GM( 1 , 3 ) =G( 3 0 1 / 2 5 . + G ( 3 1 1 / 1 7 5 . - G ( 3 2 ) / 1 2 2 3 . + G ( 3 3 ) / 1 7 5 . +G( 8 4 1 / 5 2 5 . -  
1 6 ( 8 5 ) / 3 6 7 5 . +G( 3 6 ) / 1 2 2 5 . - 0 ( 8 7 ) / 3 6 7 3 . + G ( 8 8 ) / 5 2 5 . + 6 ( 8 9 1 / 1 1 5 5 . -  
1 6 ( 9 0 ) / 3 0 S 5 . +G( 9 1 ) / 3 6 7 3 . - G ( 9 2 ) / 1 1 0 2 5 . +G( 9 3 ) / 3 6 7 5 . - G ( 9 4 ) / 8 0 8 5 . +
1 G( 9 5 ) / 1  1 5 5 • +G( 9 6 ) / 2 1 4 5 . - G ( 9 7 ) / 1 5 0 1 5 . + 6 ( 9 8 ) / 8 0 8 5 . - G ( 9 9 1 / 2 4 2 5 5 . +  
1 6 ( 1 0 0 ) / ]  1 Û 0 5 . - G ( l 0 l  ) / 2 4  2 5 5 . + G ( 1 0 2 ) / 8 0 3 5 . - G ( 1 0 3 ) / 1 5 0 1 5  . -
1G( l 0 4 ) / 2 5 0 2 5 . + G (  1 0 5 1 / 1 5 0 1 5 . - G (  1 06  ) / 4 . 504  5 . +G ( 1 0 7 1 / 2 4 2 5 5 . -  ' - .....
1G( 1 0 8 1 / 5 3 3 6 1  .+G(  1 09 ) / 2 4 2 3 5  . -G (.1 1 0 ) / 4 3 0 4 3  . +G ( 1 11 1 / 1 5 0 1 5 . +
1 G ( 1 1 2 1 / 2 3 0 2 0 . - G ( 1 1 3 1 / 7 5 0 7 3 . + G ( 1 1 4 ) / 4 5 0 4 5 . - G ( 1 i 5 ) / 9 9 0 9 9 . + ' +
1 G ( 1 1 6 1 / 5 3 3 6 1 . - 6 ( 1 1 7 1 / 9 9 0 9 9 . + G ( 1 1 8 ) / 4 3 0 4 5 . + 6 ( 1 1 9 ) / 7 5 0 7 5 . -  
1 G ( 1 2 0 ) / 1 6 5 1 6 5 . + 6 ( 1 2  1 1 / 9 9 0 9 9 . - G ( 1 2 2 1 / 1 8 4 0 4 1 . + G ( 1 2 3 1 / 9 9 0 9 9 .
6 IGM(2 , 3 ) =G( 8 0 1 / 1 7 5 . + G ( 8 1 ) / 1 2 2 3 . - 6 ( 8 2 ) / 3 6 7 3 . + G ( 8 3 ) / 5 2 5 . +
I G ( 3 4 1 / 3 6 7 5 . - G ( 3 5 ) / l 1 0 2 5 . + 6 ( 8 6 1 / 3 6 7 5 . - G ( 8 7 ) / 8 0 3 5 . + G ( 8 8 ) / l 1 5 5 . +
I G ( 8 9 1 / 3 0 3 5 . - G ( 9 0 1 / 2 4 2 5 5 . + 6 ( 9 1 > / l 1 0 2 5 . - G ( 9 2 1 / 2 4 2 5 5 . +G( 9 3 ) / 3 0 3 5 . -  
1 G ( 9 4 ) / 1 5  0 1 5 . +G( 9 5 ) / 2 1 4 5 . +G( 9 6 ) / 1 3 0 1 5 . - G ( 9 7 ) / 4 5  04 5 . + G ( 9 8 ) / 2 4 2 5 5 . -  
1 6 ( 9 9  1 / 5 3 3 6  1 . + G ( 1 0 0 ) / 2 4  2 5 3 . - G ( 1 0 1 1 / 4 5 0 4 5 . + G ( 102 1 / 1 5 0 1 5 . -  
1 G ( 1 0 3 1 / 2 5 0 2 5 . - G ( 1 0 4 ) / 7 5 0 7 3 . + G ( 1 0 5 ) / 4 5 0 4 5 . - G ( 1 0 6 1 / 9 9 0 9 9 . +
7  90 ■ ■     ■
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I G C 1 0 7 ) / 5 3 3 6 1 . - G ( 1 0 8 ) / 9 9 C 9 9 • + G CI 0 9 ) / 4 5 0 4 5 . - G < 1 1 0 1 / 7 5 0 7 5 . +
IGC1 1 1 1 / 2 5 0 2 5 . + G ( 1 1 2 1 / 7 5 0 7 5 . - G ( 1 1 3 1 / 1 6 5 1 6 5 . + G ( 1 14 1 / 9 9 0  9 9 . -  
1G( 1 1 5 1 / 1 8 4 0 4 1  ,+G( 1 1 6 1 / 9 9 0 9 9 . -G<1 1 7 1 / 1 6 5 1 6 5 . + G C  1 1 8 1 / 7 5 0 7 5 . + .  ‘ '
IGC1 1 9 1 / 1 6 5 1 6 5 , - G ( 1 2 0 1 / 3 0 6 7 3 5 . +GC1 2 1 1 / 1 8 4 0 4 1 . - G ( 1 2 2 1 / 3 0 6 7 3 5 . +
IGC 1 2 3 1 / 1 6 5 1 6 5 . ,  ..................................
B I GM C 3 ,  3 1 =G ( 80  1 /  1 75 . +G C-3 1 1 / 5 2 5 . ~G C 3 2  1 / J 6 7 5  . +G C S3 1 /  1 2 2 5  . +
1GC84 1 /1  1 5 5 . - G C S 5 1 / 8 0 8 5 . + G C 3 6  1 / 3 6 7 5 . - 0 ( 8 7 ) / I  1 0 2 5 . + G ( 8 8 1 / 3 6 7 5 . +
I G C 8 9 1 / 2 1 4 5 . -G C 9 0 1 / 1 5 0 1 5 . +G(91 1/ S 0 8 5 . -G C 9 2 1 / 2 4 2 5 5 . +G( 9 3 1 / 1 1 0 2 5 . -  
1GC94 1 / 2 4 2 5 5 . + + ( 9 5 1 / 8 0 8 5 . + G ( 9 6 ) / 3 5 7 5 . - G ( 9 7 ) / 2 5 0 2 5 . + G ( 9 8 l / 1 5 0 1 5 . - ' 
l G C 9 9 1 / 4 5 0 4 5 . + G ( 1 0 0 1 / 2 4 2 5 5 . -GC 101 1 / 5 3 3 6 1  .+GC 1 0 2 1 / 2 4 2 5 5 . -  
IGC1 0 3 1 / 4 5 0 4 5 . - G C 1 0 4 1 / 3 0 6 7 5 . +GC1 0 5 1 / 2 5 0 2 5 . - G ( 1 0 6 1 / 7 5 0 7 5 . +
IGC1 0 7 1 / 4 5 0 4 5 . - G ( 1 0 B l / 9 9 0 9 9 . + G ( 109 1 / 5 3 3 6 1 . - G ( 1 1 0 1 / 9 9 0 9 9 . +  • :
IGC 1 1 1 1 / 4 5 0 4 5 . +G( 1 1 2 }/ 3 3 6 7 5  . -G C 1 1 3 1 / 1  1 6 0 2 5 . +GC 1 1 4 1 / 7 5 0 7 5 . . -  ....... ......
IGC1 1 5 1 / 1 6 5 1 6 5 . + G ( 1 1 6 1 / 9 9 0 9 9 . - G ( 1 1 7 1 / 1 8 4 0 4 1 . +GC11 8 1 / 9 9 0 9 9 . +
IGC 1 19.1/1 1 6 0 2 5 . - G(  1 2 0 1 / 2 5 5 2 5 5 . + G C  121 1 / 1 6 5 1 6 5 . - G C  1 2 2 1 / 3 0 6 7 3 5 .  +
IGC1 2 3 1 / 1 8 4  0 4 1 .
B I G M ( 4 , 3 ) = G ( 8 0 1 / 1 2 2 5 . + G ( 8 1 1 / 3 6 7 5 . - G C 8 2 1 / 1 1 0 2 5 . +G( 3 3 1 / 3 6 7 5 . +
1GC841/ 8 0 8 5 . - 6 ( 8 5 1 / 2 4 2 5 5 . +GC86 1 / 1 1 0 2 5 . - 6 ( 8 7 1 / 2 4 2 5 5 . +G( 8 8 1 / 8 0 8 5 . +  
1GC891 / 1 5 0 1 5 . - G ( 9 0 l / 4 5 0 4 5 , + G ( 9 1 1 / 2 4 2 5 5 . - G C 9 2 1 / 5 3 3 6 1 . + 6 ( 9 3 1 / 2 4 2 5 5 . -  
1 6 ( 9 4 1 / 4 5 0 4  5 . + 6 ( 9 5 1 / 1 5 0 1 5 . + G C 9 6 1 / 2 5 0 2 3 . - G C 9 7 1 / 7 5 0 7 5 . + 6 ( 9 8 1 / 4 5 0 4 5 . -  
1 6 ( 9 9 1 / 9 9 3 9 9 . + G ( 1 0 0 1 / 5 3 3 6 1 . - 6 ( 1 0  1 1 / 9 9 0 9 9 . + G ( 102 1 / 4  5 0 4 5 . -  
1 G ( 1 0 3 1 / 7 5 0 7 5 . - G ( 104 1 / 1 1 6 0 2 5 . + G ( 1 0 5 1 / 7 5 0 7 5 . - G ( 1 0 6 1 / 1 6 5 1 6 5 . +
IGC1 0 7 1 / 9 9 0 9 9 . - G C 108 1 / 1 8 4 0 4 1 . + G ( 1 0 9 1 / 9 9 0 9 9 . - G ( 1 1 0 1 / 1 6 5 1 6 5 . +
1 6 ( 1 1 1 1 / 7 5 0 7 5 . + G ( 112 1 / 1 1 6 0 2 5 . - G C 1 1 3 1 / 2 5 5 2 5 5 . + G ( 1 1 4 1 / 1 6 5 1 6 5 . -  
16(1  1 5 1 / 3 0 6 7 3 5 . +G( 1 1 6 1 / 1 8 4 0 4  1 . - 6 ( 1  1 7 1/ 3 0 6 7 3 5  .,+G ( 1 1 8 1 / 1 6 5 1 6 5 . +
1 G ( 1 1 9 1 / 2 5 5 2 5 5 . - G ( 1 2 0 1 / 4 7 4 0 4 5 . + G ( 1 2 1 1 / 3 0 6 7 3 5 . - G ( 1 2 2 1 / 5 1 1 2 2 5 . +  
1 6 ( 1 2 3 1 / 3 3 6 7 3 5 .
BIGMC1 , 4 1 = G ( 1 2 4 1 / 2 5 . +G( 1 2 5 1 / I  7 5 . - G (  1 2 6 1 / 1 2 2 5 . +G( 1 2 7 1 / 1 7 5 . +
1 G ( 1 2 8 1 / 5 2 5 . - G ( 1 2 9 1 / 3 6 7 5 . + G ( 1 3 0 1 / 1 2 2 5 . - G ( 1 3 1 1 / 3 6 7 5 . +GC1 3 2 1 / 5 2 5 . +
1 6 ( 1 3 3  1 / 1 1 5 5 . - G ( 1 3 4 1 / 8 0 8 5 . +GC1 3 5 1 / 3 6 7 5 . - G ( 1 3 6 1 / 1 1 0 2 5 . + G C 1 3 7 1 / 3 6 7 5 , -
1 6 ( 1 3 8 1 / 8 0 3 5 . + 6 ( 1 3 9  1 / 1 1 5 5 . + G ( 1 4 0 1 / 2 1 4 5 . - G ( 14 1 1 / 1 5 0 1 5 . + G ( 142 1 / 8 0 8 5 . -
16(  1 4 3 1 / 2 4 2 5 5 . +G( 144 1 / 1  1 0 2 5 . - G ( 1 4 5 1 / 2 4 2 5 5 . +G( 1 4 6 1 / 8 0 8 5 . -
I G ( 1 4 7 1 / 1 5 ^ 1 5 . + G ( 148 1 / 2 1 4 5 . - G ( 1 4 9 1 / 2 5 0 2 5 . + 6 ( 1 5 0 1 / 1 5 0 1 5 . -
1 6 ( 1 5  1 1 / 4 5 0 4 5 . + G ( 1 5 2 ) / 2 4 2 5 5 . - G ( 153 1 / 5 3 3 6 1 . + 6 ( 1 5 4  1 / 2 4 2 5 5 . -
IGC1 5 5 1 / 4 5 3 4 5 . + G ( 156 1 / 1 5 0 1 5 . - G ( 1 5 7 1 / 2 5 0 2 5 . + 6 ( 1 5 8 1 / 2 5 0 2 5 . -
1 6 ( 1 5 9 1 / 7 5 0 7 5 . + 6 ( 1 6 3 l / 4  5 0 4 5 . - 6 ( 1 6 1  1 / 9 9 0 9 9 . + 6 (  162 1 / 5 3 3 6  1 . -
1G( 1 6 3 1 / 9 9 0 9 9 . +GC 164 1 / 4 5 3 4 5 . - G (  1 6 5 1 / 7 5 0 7 5 . +G( 1 5 6 1 / 2 5 0 2 5 . + ........... ...........
1 6 ( 1 5 7 1 / 7 5 0 7 5 . - 6 ( 1 6 8 1 / 1 6 5 1 6 5 . + 6 ( 1 6 9 1 / 9 9 0 9 9 . - G (  1 7 0 1 / 1 8 4  04  1 . +
1 6 ( 1 7 1 1 / 9 9 0 9 9 . - G ( 1 7 2 1 / 1 6 5 1 6 5 . + G ( 1 7 3 1 / 7 5 0 7 5 . + G ( 174 1 / 1 6 5  1 6 5 . -  /
I 6 ( 1 7 5 1 / 3 0 5 7 3 5 . + 6 ( 1 7 6 1 / 1 8 4 0 4 1  . - G ( 1 7 7 1 / 3 0 6 7 3 5 . + 6 ( 1 7 8 1 / 1 6 5 1 6 5 .
B I G M ( 2 i 4  1=GC1 2 4 1 / 1 7 5 . + G ( 1 2 5 1 / 1 2 2 5 . - G ( 1 2 6 1 / 3 5 7 5 . + G ( 127 1 / 5 2 5 . +
1 6 { 1 2 8 1 / 3 6 7 5 . - 6 ( 1 2 9 1 / 1 1 0 2 5 . + G ( 1 3 0 ) / 3 6 7 S . - G ( 1 3 1 1 / 3 0 8 5 . +GC132 1 / 1 1 5 5 . +
1 6 ( 1 3 3 1 / 8 0 3 5 . - 6 ( 1 3 4 1 / 2 4 2 5 5 . + G < 1 3 5 1 / 1 1 0 2 5 . - G ( 1 3 6 1 / 2 4 2 5 5 . +  " ................
1 6 ( 1 3 7 1 / 8 0 8 5 . - 6 ( 1 3 8  1 / 1 5 0 1 5 . + G ( 1 3 9 1 / 2 1 4 5 . + G ( 1 4 0 1 / 1 5 0 1 5 . -  
1 G ( 14 1 1 / 4 5 0 4 5 . + 6 ( 1 4 2 1 / 2 4 2 5 5 . - 6 ( 1 4 3 1 / 5 3 3 6 1 . + G ( 1 4 4 1 / 2 4 2 5 5 . -  
1 G ( 1 4 5 1 / 4 3 0 4 5 . + 6 ( 1 4 6 1 / 1 5 0 1 5 . - G ( 1 4 7 1 / 2 5 0 2 5 . + G ( 1 4 8 1 / 3 5 7 5 . -  
1 6 ( 1 4 9 1 / 7 5 0 7 5 . + 6 ( 1 5 0 1 / 4 5 0 4 5 . - 6 ( 1 5 1 1 / 9 9 0 9 9 . + 6 ( 1 5 2 1 / 5 3 3 6  1 . -  -
1 6 ( 1 5 3 1 / 9 9 0 9 9 . + 6 ( 1 5 4 1 / 4 5 0 4 5 . - 6 ( 1 5 5 1 / 7 5 0 7 5 . + 6 ( 1 5 6 1 / 2 5 0 2 5 . -  - '
1 6 ( 1 5 7 1 / 3 8 6 7 5 . + 6 (  I 5 3 1 / 7 5 0 7 5 . - 6 ( I 5 9 1 / 1 6 5 1 6 5 . + G ( 1 6 0 1 / 9 9 0 9 9 . -  '
1 6 ( 1 6  1 1 / 1 8 4 0 4 1 . + 6 ( 1 6 2 1 / 9 9 0 9 9 . - 6 ( 1 6 3 1 / 1 6 5 1 6 5 . + 6 C 1 6 4 1 / 7 5 0 7 5 . -  
1 6 ( 1 6 5 1 / 1 1 6 0 2 3 . + 6 ( 1 6 6 1 / 3 3 6 7 5 . + G ( 1 6 7 1 / 1 6 5 1 6 5 . - 6 C1 6 8 1 / 3 0 6 7 3 5 . +
1 6 ( 1 6 9  1 / 1 3 4  04 1 . - 6 ( 1 7 0 1 / 3 0 6 7 3 5 . + G ( 1 7 1 1 / 1 6 5 1 6 5 . - 6 ( 1 7 2 1 / 2 5 5 2 5 5 . +
1 6 ( 1 7 3 1 / 1 1 6 ^ 2 5 . + 6 ( 1 7 4 1 / 3 0 6 7 3 5 . - 6 ( 1 7 5 1 / 5 1 1 2 2 5 . + 6 ( 1 7 6 1 / 3 0 6 7 3 5 . -
8 I 6 M ( 3 , 4  1=6(  1 2 4 1 / 1 7 5 . + 6 ( 1 2 5  1/ 5 2 5 . - G ( 1 2 6 1 / 3 Ô 7 5 . + 6 ( 1 2 7 1 / I  2 2 5 . +
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- — ........  1 G ( 1 2 3 1 / 1  1 5 5 . - G C 1 2 9 ) / 8 0 0 5 . + G (  1 3 0 ) / 3 6 7 5 . - G ( 131 ) / I 1 0 2 5 . +G( 1 3 2 1 / 3 6 7 5 . +
1G( 1 3 3 1 / 2  1 4 5 . -GC 134 1 / 1  5 0  1 5 . +G( 1 33-) / 8 0 3 5 . - G (  136  1 / 2 4  2 5 5 . +
.............  1 G ( 1 3 7 1 / 1 1 0 2 5 . - G ( 1 3 8 1 / 2 4 2 5 5 . + G ( 1 3 9 1 / 8 0 3 5 . + G ( 1 4 0 1 / 3 5 7 5 . -
1G( 14 1 1 / 2 3 0 2 5 . +G( 1 4 2 1 /  1 5Cl  5 . -G ( 1 4 3  )'/ 4  5 0 4  5 . +G ( 1 4 4 1 / 2 4 2 5 5 . -  ‘ ;
1 G ( 145  1 / 5 3 3 6 ] . + G ( 1 4 6 ) / 2 4 2 5 5 . - G C 1 4 7 1 / 4 5 0 4 5 . + G ( 1 4 8 1 / 1 5 0 1 5 . -  
■1 G ( 1 4 9 1 / 3 3 5 7 5 . +GC1 5 0 1 / 2 5 0 2 5 . - G ( 1 5 1 1 / 7 5 0 7 5 . + G ( 1 5 2 1 / 4 5 0 4 5 . “
  ‘ 1 G ( 1 5 3 1 / 9 9 0 9 9 . + G ( 1 5 4 1 / 5 3 3 6 1 . - G C 1 5 5 ) / 9 9 0 9 9 . + G ( 1 5 6 1 / 4 5 0 4 5 . -  - - --
IGC1 5 7 1 / 7 5 0 7 5 . +GC1 5 8 1 / 3 8 6 7 5 . - G C 1 5 9 1 / 1 1 6 0 2 5 . + G C 1 6 0 1 / 7 5 0 7 5 » -  
1 G ( 1 6 1 1 / 1 6 5 1 6 5 . +GC1 6 2 ) / 9 9 Ü 9 9 . - G C 163 1 / 1 3 4  04 1 . + G C 1 6 4 1 / 9 9 0 9 9 . -  
IGC1 6 5 1 / 1 6 5 1 6 5 . +GC1 6 6 1 / 7 5 0 7 5 . +GC167 1 / 1 1 6 0 2 5 . - G C 1 6 9 1 / 2 5 5 2 5 5 . +
IGC1 6 9 1 / 1 6 5 1 6 5 . - G C 1 7 0 1 / 3 0 6 7 3 5 . +GC1 7 1 1 / 1 8 4 Ü 4 Ï . - G C 1 7 2 1 / 3 0 6 7 3 5 . +
IGC 1 7 3 1 / 1 6 5 1 6 5 . +GC17 4 1 / 2 5 5 2 5 5 . - G C 1 7 5 1 / 4 7 4 0 4 5 . +GCI 7 6 1 / 3 0 6 7 3 5 . -
1G( 1 7 7 1 / 5 1  1 2 2 5 , +GC 1 7 8 1 / 3 0 6 7 3 5 .       ,        '
B 1 G M ( 4 , 4 ) = G ( 1 2 4 1 / 1 2 2 5 . + G ( 1 2 5 1 / 3 6 7 3 . - G < 1 2 6 1 / 1 1 0 2 5 . + G ( 1 2 7 1 / 3 6 7 5 . +
I GC1 2 3 1 / 8 0 8 5 . - G C 1 2 9 1 / 2 4 2 5 5 . + G ( 1 3 0 1 / 1 1 0 2 5 . - G C 1 3 1 1 / 2 4 2 5 5 . +
IGC1 3 2 1 / 3 0 8 5 . +GC1 3 3 1 / 1 5 0 1 5 . - G C 1 3 4 1 / 4 5 0 4 5 . +GC1 3 5 1 / 2 4 2 5 5 . -  
IGC1 3 6 1 / 5 3 3 6 1 . + G C 1 3 7 ) / 2 4 2 5 5 . - G ( 1 3 8 ) / 4 5 0 4 5 . + G C 1 3 9 1 / 1 5 0 1 5 . +
1 G ( 1 4 0 1 / 2 5 0 2 5 . - G C 14 1 1 / 7 5 0 7 5 . + G C 1 4 2 1 / 4 5 0 4 5 . - G C 1 4 3 1 / 9 9 0 9 9 . +
.............  IGC 1 4 4 1 / 5 3 3 6 1  . -GC 1 4 5 1 / 9 9 0 9 9 . +GC 1 4 6 1 / 4 5 0 4 5 . -GC 1 4 7 1 / 7 5 0 7 5 . +  - -
IGC1 4 3 1 / 2 5 0 2 5 . - G C 1 4 9 1 / 1 1 6 0 2 5 . + G ( 1 5 0 1 / 7 5 0 7 5 . - G C 1 5 1 1 / 1 6 5 1 6 5 . +  {
IGC152 1 / 9 9 0 9 9 . - G C 1 5 3 1 / 1 8 4 0 4 1 . +GC1 5 4 1 / 9 9 0 9 9 . - G C 1 5 5 1 / 1 6 5  1 6 5 . +  I
I g'c 1 5 6 1 / 7 5 0 7 5 , -G(  1 5 7 1 / 1  1 6 0 2 5 . +GC 1 5 8 1 / 1  1 6 0 2 5 . -GC 1 5 9 1 / 2 5 5 2 5 5 . +
IGC1 6 0 1 / 1 6 5 1 6 5 . - G C 1 6 1 1 / 3 0 6 7 3 5 . +GC162 1 / 1 8 4 0 4  1 . - G C 1 6 3 1 / 3 0 6 7 3 5 . +
IGC 1 6 4 1 / 1 6 5 1 6 5 . - 0 ( 1 6 5 1 / 2 5 5 2 5 5 . +GC 1 6 6 1 / 1  1 6 0 2 5 . +GC 1 6 7 1 / 2 5 5 2 5 5 . -
............  IGC1 6 8 1 / 4 7 4 0 4 5 . +GC1 6 9 1 / 3 0 6 7 3 5 . -GC 1 7 0 1 / 5 1  1 2 2 5 . . +GC1 7 1 1 / 3 0 6 7 3 5 . -  . ,
IGC1 7 2 1 / 4 7 4 0 4 5 . + G C 1 7 3 1 / 2 5 5 2 5 5 . +GC1 7 4 1 / 4 7 4 0 4 5 . - G C 1 7 5 1 / 7 9 0 0 7 5 . +
1 G ( 176  1 / 5 1 1 2 2 5 . - G C 1 7 7 1 / 7 9 0 0 7 5 . + G C 178 1 / 4 7 4  04 5 .  
v e i l = 0 4 / 2 5 .  . . .
7  VC2) = 0 4 / 1 7 5 .  . • ■■
VC3) =VC 21 -
  V ( 4 ) = 0 4 / 1 2 2 5 .  ' ■ '   ■ -  ,
O'ALL D L E Q U ( O , B l G M , 4 , 4 , V , l , L U 0 K )
  WRITE ( 6 , 2 5 0 1  P , THETA, ANU, AK♦ ( V ( L 1 , L = 1 , 4 1  , LOOK ' ' v ......  '
2 5 0  FORMAT ( 4 P 8 . 3 , 4 E 1 6 . 8 ,  I 51 
- - DI MENS 1 ON I ET A ( 17)  , T AX 1(21  ••
READ ( 5 , 3 0 0 1  (TETAC 1 1 , 1  = 1 , 1 7  1 , (TAX I ( J 1 , J = 1 , 2 l  '
• — . - . . |~3  ^  ^ .   m . ...- ^
DO 71 0 = 1 , 2
  AX I = T AX ICO) . - ' - ■ ....... ....
DO 71 1 = 1 , 1 7
A Y = ( 1 . - E T A * * 2 1 % * 2
A N N = C 3 . * E T A % * 2 - 1 . 1 * 4 .  '
3Y = ( 1 . - A X I * * 2 ) * * 2  • •  -      - ...........
B E = ( A X Y * * 3 - A X I ) * 4 .
■ . . B E E = ( 3 . * A X I * * 2 - 1  , ) * 4 .  ' -..................... -.......... - ......
OY=C 1 , - .ETA*AXI 1
 ------- DY=V( 1 1 +V ( 2 1 #ETA*%2+V ( 3 1 *AX I **2+V ( 4 1 *ETA**2*AX 1 <-<-2    ■
D N = ( V C 2 ) * E T A + V ( 4 ) * E T A * A X I * * 2 ) * 2 .  '
DNN= ( V( 2 1+VC 4 1 *AXI----X-2 1 * 2 .  . - ■
D E = ( V ( 3  1*AXI+V(4 1 * E T A * * 2 * A X I 1 * 2 .  ‘ ' . ■
D E E = ( V ( 3 1 + V ( 4 1 * E T A * * 2  1 * 2 .  '
DNE=4. *5TA*AXI%V(4)
 ■ .  ■
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-..........  '.‘J N N  = 3Y-X- ( ANN*CY*DY-AX 1 #AN*DY +  AN*CY*DN-AX I *AN*DY-AX I *AY*DN+AN*CY*DN
1-AXI*AY*DN+AY*CY*ÜNN)
WEE = AY-" ( BEE*CY*DY-ÜE*ETA*UY + 3E*CY*DÊ-BE*ETA*ÜY-5Y*ETA*DE+BE*CY*DE 
l -3Y*ETA*DE+dY*CY*ÜEE)  '
WNE=AN*GE*CY*DY-AN*6Y*ETA*ÙY+AN*oY*CY*DE-AY*BE*AXI*OY-AY*dY*DY 
1-AY*BY*AXI*DE+AY*cE*CY*DN-AY*ÛY*ETA*DX+AY*dY*CY*ÜNE -
AMX=CA< *ET\ * AX l - l . ) * * 3 * ( P 2 * WEE+ Al O* WNE + ( 32 + A NU* C2 ) *WNN) /C2   ------
A;-1Y= ( A;<-X-ETm * m XI“ I . J **3*(ANU*P2*WEE + ANU*AI0*WNE + (ANU*S2+C2)*WNN)/C2 
AMXY=(ANU-1.)*(AK*ETA*AXI-1.)**3*(P*WNÈ-S*WNN)/C ' y ' /
■ AHMAX=( AMX+AMY) /2 . +5aPT( ( (AMX-AMY) / 2 . )**2+AMXY**2)  . .
AMY: I N= ( AMX+AMY ) / 2  . -SORT ( ( C AMX-AMY ) / 2 . )  **2+AŸXY**2 )     -  I.
SMAX=6. *AMMAX/ ( I . - AK*ETA#AXI / #*2  .
5MIN = 6 . * A M M I N / ( 1 . - A K% ET A* A X I ) * * 2    T........... ......... ........ .................
IF (AMX-AMY) 4 1 1 . 4 0 7 - ,  411
4 0 7  IFf (AMXY) 4 0 3 , 4 0 9 , 4 . 1 0  ' ....................  .......
4 0 8  ALPHA=-4 5 . u O
2  ^ . . . .      .......................
409.  ALPHA = 0 . 0  '
4 1 0  ALPHA= 4 5 . 0  0 ' -
GO TO 7 1 .................  . - . .   -- : .
411  PIPE=2.*AMXY/(AMX-AMY)
A L P H A  =  2 S . 6 4 7 8 9 - x- A T - A N ( P I P E ) ........................................................................................................................................   '■..........................
71 WRI TE ( 6 , 1 5 0 )  AX I , ETA, SMAX, SMIN, AMMAX, AMMIN, DEFL, ALPHA '
150  FORMAT ( 2 F 8 . 3  , 6 E 1 6 .  O )    ' "  ' ................
RETURN - -  . ■ .
e n d  '  ■ '  '
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(b) F o r tr a n  ReOiTramme f o r  E x p erim en ta l A n a ly s is  
(F o r IBM 1620 I I  Computer) .
C  E X P E R I M E N T A L  S T U D I E S  O N  C L A M P E D  S K c W E O  P L A T E S
C  W I T H  V A R I A B L E  T H I C K N E S S
5  N = 0   ^ _ __ _____ ______ _____________________
. S M A X  =  0 ' .  0 '   . ■ . •
S M I N  =  0 . 0  _ ;  '  .............................________________ ______
2  R E A D  3 , T i E A , E o , E C  ' . - ,  .
3  F O R M A T  ( 4 F I V . 6 )  _ . ; .....
N  =  N + 1
E = 4 7 0 0 0 0 .  ■ _  _  _   ;________________
■ A N U = 0 . 3  0 U  '
. A 1 = ( E A + E C ) / ( 1 . - A N U )
I ■ A 2 = ( 1 , / ( 1 . + A N U ) ] * S Q R T F ( 2 . * ( E A - E 3 ) * * 2 + 2 . * ( E U - E C ) * * 2 )
S M A X  =  S M A X + ( E / 2 .  ) * ( A 1 + A 2 ) -  • .
. S M I N  =  S M  I N + ‘{ E / 2 .  ) * (  A 1 - a 2  ) •
I F  ( N —6 ) 6 , 7 , 7
6  C O N T I N U E  , ■
. : GO TO 2  1 ._ . ,3        A..... ........  .
7  3 1 = S M A X / 6 . 0  )
B 2  =  S M  I N / 6 .  U  / '
A 3  =  T - x - T / 6  . 0 /
; A M M A X  =  3 T < A 3  _ •  __________________________
. -  ' A M M I N  =  B 2 - % A 3
P U N C H  4  ,  T , P i  ,  B 2 ‘,  A M M A X ,  A M M i i M
4  F O R M A T  ( F 6 . 3 , 4 F I 2 . 5 )
G O  T O  5  . . .  '■   ■   , '
E N D
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TABL3 V I
E x p e rim en ta l D ata  f o r  l a t e r a l  D e f le c t io n s  
( 1/1000  i n .  )
D ia l Loading U nload ing
A verage
Gauge
]p • S • 3L •
T e s t 1 T e s t 2 T e s t 5 T e s t 1 T e s t 2 T e s t 5
0.1757 4 .50 5 .0 0 5 .0 0 6 .0 0 6 .0 0 6 .50 5 . 5 0
0.5325 14 .0 14 .8 14 .0 17.5 16 .5 17 .2 15 .7
0 .7954 21 .5 2 2 . 0 20.1 2 5 .5 24 .0 2 4 .4 22 . 9
1.0551 2 9 .0 29 .0 27 .7 5 2 .5 5 1 .0 51 .0 5 0 .0
1 .2514 55 .0 55 .0 55 .5 5 8 .6 5 7 .0 5 7 .0 5 6 .4
D
1.5017 4 2 .0 4 1 .8 4 0 .0 4 5 .8 4 4 .0 4 5 .7 4 2 .9
1 .7560 4 8 .7 4 8 .6 4 7 .0 5 2 .0 50 .0 4 9 .5 49 .5
1.9705 5 5 .0 54 .5 55 .5 5 8 .0 56 .8 55 .5 5 5 .5
2.2259 6 2 .0 5 9 .5 6 0 .0 6 5 .2 61 .0 61 .6 61 .2
2 .5600 6 9 .0 $ 5 .0 64.1 7 0 . 0 66 , 0 65 .0 66.5
0.1757 2 .0 0 2 .0 0 2 .0 0 5 .0 0 2 .40 5 .1 0 2 .42
0.5525 5 .6 0 5 .50 5 .6 0 7 .0 0 6 .5 0 7 .0 0 6 .2 0
0.7954 8 .5 0 8 .8 0 8 .4 0 10 . 0 9 .50 9 .00 9 .05
1.0551 11 .5 1 1 .0 11 . 0 12.8 12 . 0 12.5 1 1 .8
E
1.2514 15 .5 15 .5 15 .2 15 .2 14.5 14 .8 14.1
1.5017 1 6 .4 15 .8 16 .0 1 8 .0 17 .2 17 .5 16 . 8
1 .7560 19 .0 19 .0 18 .5 20 .5 19 .8 2 0 .0 19 .5
1.9705 2 2 .0 21.5 21.1 2 5 .0 22 . 2 2 2 .0 2 2 . 0
2 .2259 24 .5 25 .5 2 4 .0 2 5 .0 2 4 .0 2 4 .4 24 .2
2 .5600 27 .5 25.7 25 .5 27 .8 2 6 .0 2 5 .9 2 6 .4
9.1757 2 .2 0 2 .00 2 .1 0 5 .5 0 5 .0 0 4 .8 0 2 .95
0.5525 7 .0 0 7 .0 0 7 .0 0 9 .80 8 .1 0 8 .8 0 7 .9 5
0 .7954 1 0 .8 1 0 .8 10 .0 1 5 .0 12 .0 1 2 .0 1 1 .4
1.0551 1 4 .5 14.0 15.5 16 .8 15.5 15.2 1 4 .9
F
1.2514 17.5 17.2 16.5 2 0 .0 18 .5 18 .5 1 8 .0
1.5017 21 . 0 2 0 .8 2 0 .0 2 5 .0 2 2 .0 . 2 2 .0 21 .5
1.7560 24 .5 24 .0 25 .5 2 6 .4 25 .0 25 .0 24 .7
1.9705 2 8 .0 27 .0 27 .0 29 .8 28 .5 2 8 .0 28.1
2.2259 51 .5 29 .8 50 .0 52 .5  . 50 .8 5 1 .0 50 .9
2.5600 5 5 . 0 52 .6 52.1 5 5 .6 55 .5 52 .8 55 .6
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TABLE V I I
E x p erim en ta l D ata  f o r  U n it S t r a in s  from R o se tte  Gauges 
( T e s t 1 )
&
I p . s . i .
Loading
% %
U nload ing
S.a %
u . 1757 
U.5325 
Ü.7934
1 . U 3 3 1  
1 . 2 5 1 4  
1 . 5 0 1 7  
1 . 7 3 6 Ü  
1 . 9 7 0 3  
2 . 2 2 5 9  
2  .  3  6  o  U
0 . C Cn: O 6 9 
O . Ü Ü O 1 9 6  
0 . 0 0  3 2 8 3  
0 . 0 0 0 3 7 6  
0 . 0 0 0 4 5 5  
0 . 0 C o 5 3 S  
0  « 0 0  0 6 4 6  
0.00^718 
0 . ü ü o S 1 2 
0 . O o o 9 12
Ü . O O O 1 0 7  
0 . 0  0 0 3 1 O 
0 . 0  0 0 4 4  6  
O . Ü 0 0 6 1 5  
0 . Ü 0 0 7 3 3  
Ü.000854 
0 . 0 0 0 9 9 6  
0,001122 
Ü . 0 O 1 2 6 U  
0.0Ù142W
j . 0  0  0 0 4 6  
Û , 0 0 0 1 2X 
0 , 0  0 0 1 7 4 '  
Ü . 000222 
0 . 0 0 0 2 6 5  
0 . 0 0 0 3 0 8  
Ü . 0 0 0 3 6 4  
0 . 0 0 0 4 0 2  
Ü . 0 0 0 4 4 8  
0 . 0 0 0 4 9 2
O .  o  O L- o  7  9  
0  . 0 0 3 2 3 2  
O .  O U L ' 3 2 3  
0 . 00w43o  
0 . 0  3 3 4 8 0  
0 . 0 0  0 5 7 6  
0 . 0 0  0 6 4 6  
0.003732 
0  .  0  0  O S  O 4  
0  .  O O U 9 U O
3 .  O 3 3 1 3 3
0.000323 
0 . 0 3 0 4 7 5  
0 . 0  3 0 6 1 8  
0 . 0 3 0 7 2 9  
Ü . 0 C Ü 8 7 5  
0 . CÜÜ9 9 0  
0.001136 
0 . 0 3 1 2 3 6  
0 . 0 0 1 3 8 8
Ü . 0 3 3 0 ^  
3 . O0 Ü1 3 :  
O . U G O I B :  
Û . 0 0 0 2 3 ;  
Ü . 00027' 
0  .  0 0 0 3 2 ' .  
0.000356 
0 . 00040s 
Q .00043: 
Ü . 00043'
B
3 . 1 7 5 7  
0.5325 
0.7934 
1 . 0 3 3 1  
1 . 2 5 1 4  
1.5017 
1.7360 
1 . 9 7 0 3  
2 . 2  2 5 9  
2.3600
0 , 0 3 3 3 6 5  
0 . O O o l 7 4  
0 . 0 0 3 2 4 9  
0 . 0 0 0 3 2 3  
0 . 0 0 0 3 8 2  
0.000452 
0 . 0 0 3 5 2 3  
0 . 0 3  3 5 7 6  
0  .  0  O S.16 4  4  
0 . 0 0 3 7 1 2
Ü.o O O 1OO 
0.000324 
0.000462 
0 . 0 0 0 6 2 1  
0.000750 
O . 0  0 0 8 8 0  
0 . 0 0 1 0 1 6  
O . o o l  1 3 2 "  
0.001272 
0 . 0 0 1 4 2 0
Ü , 000067 
O . 0 0 0 1 6 7  
0.000230 
O . 000300 
0 . 0 0 0 3 6 2  
0 . 0 0 0 4 4 0  
O . 000504 
O .000564 
0 . 0 0 0 6 3 6  
0.000652
0 . 0 0  0 0 4  0  
0.0OO153 
O . 0 0 u 2 3 8  
O .000308 
0.000370 
0.0ÜO438 
0 . 0 Û U 4 9 8  
0 . Û Ù O S 6 2  
0,000622  
0  .  0 0 U 6 9 2
O .  O Ü 3; O 7  2  
0 . 0 0 3 2 9 7  
0 . 0  004  60 
0 . 0  0 0 5 9 6  
O . o 0 0 7 3 0  
0 . 0  0 0 8 7 6  
0 . 0 0 0 9 9 2  
0 , 0 0 1 1 2 2  
0 . 0 0 1 2 4 8  
0 . 0 0 1 3 9 6
Û . 0 0 0 0 5 '  
0 . 0 0 0 1 5 "  
0  . 0 0 0 2 3 :  
0 . 0 0 0 3 0 L  
0.000356 
0 . 0 0 0 4 2 '  
0.000472 
J .00052: 
0 . 0  0 0 5 9 '  
0.000666
u . 1 7 5 7  
0.5325 
0.7934 
1 . 0 3 3 1  
1.2514 
1 . 5 0 1 7  
1.7360 
1.9703 
2.2259 
2.3600
0 . 0 0  0 0 3 4  
0.000396 
0.000132
0 . 0 0 0 1 7 5  
0 . 0 0 0 2 1 3  
Ô . 0 0 3 2 4 2  
0 . 0 0 0 2 9 4  
0 . 0 0 0 3 2 4  
0 . 0 0 0 3 6 8  
O.OOu412
0 . 0 0 0 0  18 
O . 0 0 0 0 6 8  
O . O O O 1 0 7  
O.000148 
0 . 0  0 0 1 6 0  
0 . 0 0 3  1 8 4  
0 . 0 0 0 2 2 4  
0.000244 
0.000282 
3.000318
O .  O 0 O 0 1 1 
o . 0 0 0 0 1 3  
0.000013 
0 . 0 0 0 0 1 4  
0 . 0 0 0 0 0 3  
O. 0 0 0 0 0 0  
O , 0 0 0 0 0 9  
0  .  O O o O O O  
0 . 0 0  0  0 0 3  
■0 •  0  3  3  0  0  4
0  .  0 0 3 3 6 6  
0 . 0 3 3 1 3 2  
0 . 0  3 3 1 7 6  
0 . 0 3 3 2 1 6  
O . 0 3 0 2 5 2  
O. V3 3 2 8 6  
0 . 0 0  0 3 ^ 8  
0 . 0 3 3 3 4 8  
0 . 0 0  3 3 7 8  
0 . 0 0 0 4 1 4
0 . 0 3 0 0 3 6  
U . 0 0 0 0 8 4  
0 . 0 0 0 1 2  1 
0 . 0 3 u l 5 4  
O . 0 0 3 1 8 0  
0 . 0 3 0 2 1 1  
3 . 0 0 0 2 2 6  
0 . 0 0 0 2 5 4  
0 . 0 0 0 2 8 4  
0 . 0 0 0 3  1 6
3 . 0 0 3 0 2 ]  
0 . 0 0 0 0 2 1  
0 . 0 0 0 0 2  I 
0 . 0  0001 
0 . 0 3 0 0 1 =  
0 , G O O D  1 1 
0 . 0 0 0 0 0 :  
0 . 0 0 Ù 0 0 :
3 . 0 0 0 0 0 2
0.00003:
D
0 . 1 7 5 7  
0 . 5 3 2 5  
3.7934 
1 . 0 3 3 1  
1.2514 
1 . 5 0 1 7  
1 . 7 3 6 3  
1 . 9 7 0 3  
2.2259 
2* 363^
0 . 0 3 ^ 3 7 3  
0 . 0 3 3 1 8 4  
0 . 0 3  3 2 7 4  
0.033364 
0.003434 
0 . 0 0  3 5  1 2  
0 . 0 3  6  3  4
0.333672 
0.333756 
3 . 3 u ^ 8 5 2
3.303383 
0 . U 0 O 2 5 O  
3 . 0 3 3 3 7 3  
0 . 0 0 3 4 7 6  
0.033573 
O .300703 
0 . 0 0 3 8 3 2  
3 . 3 0 3 8 7 8  
3 . 3 3  ' J 9  9 4  
3.331116
3 . 0 0 0 0 3 3  
0 . 3 3 0 1 1 0  
3 , 0 0 0 1 3 9  
0 . 0 3 0 1 8 9  
0 . 0 0 3 2 3 3  
3  .  0 3 0 2 5 2  
3.000296 
3 . 0 3 0 3 4 6  
0 . 0  3  0 3 0 6
3 .333433
0 . 0 0 3 0 9 2  
0 .000224 
0.000323 
0.033434
0 . 3 3 3 4 7 2  
U . 0  3 0 5 6 2  
0 . 0 3 : 6 2 8  
0 . 0 0 3 7 1 0  
0.00:774 
3  .  s,' 3  3 o ;5 6
0 0 3 0 9 8
0395
0 3 0 6 2 3
0 0 0 7 1 4
3  .  3  3  3  3  4  i 
0 . 3 3 3 1 1 4  
3 , 3 0 0 1 5 3  
0 . 3 0 0 1 9 :
3 . 0 0 0 2 2 :
0 . 3  0 0 2 7 4  
0 . 3 0 0 3 0 c  
3 . 0CC33 '  
3 . 3 0 3 3 7 :  
3  .  3  o  4  1 :
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TABLE VII (C ont 'd . )
E x p erim en ta l D ata  f o r  U n it S t r a in s  from  R o s e tte  Gauges 
( T e s t 2 )
1p . s . i . L oading U nloadingEa 4 , . Eo % 4) Bn
V 1 7 5 7 0  .  0  u  -  u  B '■ J - . 0 0 0 - 9 9 0  u  O 4  o S j  'v-' 1 — 1 .  — — — — 9  6 — -  7  :
0 5 3 2 - 0 . 0 0 0 2 1 1 Ü . 0 - 0 3 0 4 0 0  0 0 1 2 4 0 . 0 - - 2 2 0 - . 0 - - 2 9 3 0 . 0 ——15 ;
o 7 9 3 4 Û • O v v 3 u 6 0  .  o  -  0  4  4  5 Ü 0 0 0 1 7 5 0 . 0 - - 3 1 2 —. ———4  5 1 0 . o 0 0 1 9 f
1 0 3 3 1 0 • 0 0 —4 —2 0 .  0  0 - 5 7 0 0 Ü 0 Ü 2 2 2 - . 0 0 - 5 8 3 Ô . Ü 0 0 2 3 Î
1 2 5 1 4 0 . 0 0 0 4 6 7 0  .  —0 : 1 6 9 4 0 0  0  0 2 6 6 0  .  u  s^  4  6  4 Ü .  — — 7  —■ 6 - . 0 0 0 2 6 1A 1 5 0 1  7 0 . 0 0 0 5 5 9 - . 0  0 - 8 3 0 0 0- 0  0 3 1  1 0 . 0 0 - 5 6 2 — .  o  8  5  — 0 . 0 0 0 3 2 Ç
1 7 3 6 0 Ü . 0 u o 6 1 2 0  .  U 0 —9 5 6 ■J 0 0 - 3 3 2 0 . 0 0 - 6 2 8 0 . 0  0 - 9 5 4 Ü .  -  — 3  6  c
1 9 7 0 3 0 • 0 —0 7 —0 O . O - l - 7 6 0 0 0 0 3 9 6 0 . 0 0 0 7 1 2 0 . 0 - 1 0 9 2 0  . 3 0 0 4 0 6
2 2 2 5 9 0  • OO o 7 6  — - . 0 - 1 1 7 2 0 0  0  0 4  2 ' 5 0 . 0 0 - 7 7 8 0 . 0 0  1 1 8 6 0  .  0 0  0 4  3 :
2 3 6 0 0 Û « O O o B o S —. ——1 3 —— - 0 - 4 7 2 0 . 0 0 0 8 4 0 0 . 0 0 1 3 0 0 0  .  0 0 0 4 7 s
1 7 5 7 0  • 0  0  — o  5  7 — .  — — — 1 — 4 0 - 0 - 0 5 9 0 . 0 0 - 0 7 6 0 , 0 0 0 1 0 7 O . C O O l  O '
Ü 5 3 2 5 0 . 0 0 0  1 7 0 0 . - 0 - 3 2 2 Û 0  0 - 1 6 6 0 . — — —1 7 8 — ,  — 0  Is) 3  1 6 0  .  0 0 0 1 9 "
Ü 7 9 3 4 0 . 0 0 0 2 5 3 0 . 0 0 - 4 7 3 Û 0 0 0 2 3 1 0 . 0 0 - 2 5 9 0 . 0  —  4  7 6 0 . 0 0 0 2 6 :
1 0 3 3  1 0 . Ü 0 U 3 2 1 0 . 0  0 - 6 1 2 Û 0 0 0 2 9 4 0 . - - - 3 2 8 0 . 0  0 - 6  1 3 0 . 0 0 0 3 2 '
1 2 5 1 4 0 . 0 0 O 3 7 6 0 . 0  0 0 7 1 8 0 0  —0 3 5 6 0 . 0 - - 3 9 0 0 . 0 0 - 7 4 2 C . 0 0 0 3 8 '
B 1 5 0 1 7 0 . 0 0 0 4 5 6 0 . - 0 - 3 7 7 0 0 0 - 4 2 1 ' Û . ———4 6 4 0 . 0 — 8 9 2 0 . 0 0 0 4 5 1
1 7 3 6 0 0 . C 0 o 5 1 a — .  — — 9  9  6 - 0 0 0 4 7 6 0 . 0 0 - 5 2 0 0 . C O 1 0  0 8 0 . 0 0 0 5 1 s
i 9 7 0 3 0  .  0 o - ' 5 8 o Ll . -! — I 1 4  — — 0 ——5 4 6 .  —-  —5 8 6 0 . 0 0 1 1 4  4 0 . 0 0 0 5 8 s
2 2 2 5 9 0 . 0 - - 6 2 3 - . - - 1 2 3 0 Ü 0  — — 6  Ü 6 0  .  0 0 - 6 3 2 0 . 0 - 1 2 4 - 0 .  0 0 0 6 2 '
2 3 6 0 0 0 . 0 0 0 6 3 6 - . 0 0 1 3 4 - 0 Ü 0  — 6 6 6 0 . 0 0 - 6 8 4 0 . 0 0 1 3 5 2 0 . 0 0 G 6 7 (
‘0 1 7 5 7 0  .  0 0 - 0 4 1 - . - - - - 2 9 0 0 - 0 1 1 0 . 0 0 - 0 7 8 0 . - 0 - 0 3 7 0  . 0 - 0 0 2 ;
\J 5 3 2 5 O . O o o l —0 0  .  — -  -  — 7  2 0 0 0 0 0 1 2 0 . 0 0 - 1 3 4 0 . - 0 - 0 9 - 0 , 00002 ;
3 7 9 3 4 0 . 0 0 - 1 4 1 1 0  7 J 0 0 0 0 1 1 —. ———1 8 — 1 1 9 0 ,  O u  0 0  a :
1 0 3 3 1 0 . 0 0 0  1 8 2 1 3 6 0 0  0 J O  1 1 0  .  L' — o  2  1 2 0 . 0 0 0 1 5 0 0 . - 0001 i
1 2 5 1  4 0 . C O 0 2 1 8 0  .  — — — 1 7  — 0 0 - 0 0 1 4 0 . 0 0 - 2 4 9 - . 0 0 - 1 0 5 0 . 00002 '.
G 1 5 0 1  7 0 . —0 —2 6 1 - . - - O 1 9 8 0 0  0 0 0  1 2 0 . 0 0 - 2 8 9 — .  — — — 2  —9 0  .  0  0  -  0  1 1
1 7 3 6 0 0 . 0 0 0 2 8 8 - , - - - 2 2 - 0 O O O O O O 0  .  - 3  1 0 0 . 0 0 ^ 2 2 8 0 . 0 0  — 00 ;
1 9 7 o 3 0 . 0 0  s ' 3 3  — — .  — — 2  4  8 — 0 0 - 0 0 - 0  « 0  — —3 4 3 Ü . 0 0 - 2 5 6 0  .  0 0 - 0 0 '
2 2 2 5 9 Û • J O —3 5 6 0 . - 0 - 2 7 6 0 0 0 0 0 - 2 0 . 0 0 - 3 7 0 0 , - 0 0  2 8 2 - 0 . 000 - 0 ;
2 3 6 0 0 .J .  o  — —3  — 6 Û — — — 0  0  — 0 . 0 0 - 3 9 8 0  ® 0  0  — 3 —3 — 0 .  00000 ;
1 7 5 7 Û . 0 - 0 - 5 5 0  « - - -  — 6 8 0 - - - - 2 8 0 . 0 0 - 0 9 1 - , 0  0 - 0 8 3 0 . - 00 - 4 ;
5 3 2 5 0 . 0 ——1 7 6 - .  -  —  2 3 - Û 0 0 0 0 9 3 0 . 0 0 - 2 1 4 0 . - 0 - 2 5 6 O . O O O l O f
Ü 7 9 3 4 0 . - 0 - 2 6 5 - . - - - 3 5 9 0 3 - 0 1 3 1 0 . —0 —3 —4 0 . 0  0 - 3  7 1 0  .  0 0 0  1 4 '
i 0 3 3 1 0  .  sJ o : ; 3 4 4 -  .  O'O'- ' 4  5 - 0 O O u 1 6 6 0 . - 0 0 4 8 4 0  .  0 0 0  1 8 s
1 2 5 1 4 C . C 0 O 4 2 3 0 . - C - 5 5 5 0 - - 0 2  1 7 0 . 0 - - 4 3 5 0 . ———5 8 — 0 . 0 0 0 2 2 :D 1 5 0 1 7 0  .  0  0  -  5  — C 0 .  C O O 6 6 9 c 0 0 0 2 4 9 - 0 - - - 5 4 6 0 . 0 0 0 6 9 2 -  . - 0 - 2 5 "
1 7 3 6 0 — .  —' 0 - 5 7 6 0  .  - 0  - 7 6 2 0 0 0 0 2 9 0 \J  # O L- O 0 . - 0 - 7 7 2 -  . - 0 0 2 8 :
1 9 7 0 3 0  .  J  -  -  6  5  6 - . - - - 3 5 2 - 0 0 3 1 2 0  • 0  0  J  Ô 8  4 0 . 0  —3  9  0 0 . 00033 ;
2 •J .  C O -  7  1 2 ■0 .  - 0  0 9 4 6 0 0  0  0 3 5 2 0  • o  o  Lv *7 4  2 —. ———9 4 8 0  . 0  0 0 3 6 ;
2 3 6 - 0 3 . 0 0 0 7 8 8 V .  Os:  1 - 4  6 O J - 3 9 2 —V L/ — L' C 0 . 0 0 1 0 3 6 0 . 0 0 0 3 9 1
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TABLE VII (C ont 'd . )
E x p erim en ta l B a ta  f o r  U n it S t r a in s  from  R o se tte  Gauges 
( T e s t 5 )
j
P . s . i .
Loading U nload ing  ..
% % % %
v_: 1 7 5 7 0 0 0 - 1 8 - O' . — -  1 — 1 Ü .  ■ J  — — 0 4  3 0 . 0 0 - 0 6 7 0 . s.: —  1 07 0 . 0 0 0 - 7 '
C 5 3 2 5 0 0 0 —' 1 63 0 . 0 0 - 2 9 0 0 . 0 0 - 1 1 6 0 . GO—2 —6 — . — 0—3 —7 0 . 0 0 0 1 3 1
0 7 9 3 4 0 0 0 - 2 9 8 0 . 0 0 - 4 3 4 -  . 0 0 0 1 6 0 0 . 0 0  0 2 7 2 0 , 0  004 43 0 . 0 - 0 1 8 :
1 -3 3 1 0 0  0 - 3 2 1 0 . - 0 - 5 5 6 — o 0 — 0 2 0 6 0 . - 0 - 3 7 2 -  .  -  s ; u b 7 6 - . - 0 0 2 2 4
1 2 5 1 4 0 0 0 - 4 2 7 0 . 0 - 0 6 8 8 0  . 0 0 - 2 5 - 0 . 0 ——43 — —. ———6 9 6 0 . — — 0 2 6  =A 1 5 - 1 7 0 0 0 - 5 1 7 0 . - 0 - 8 2 3 0 . 0 0 0 2 9 0 —. 0 ——5 6 5 - . 0 0 0 8 3 3 0 . 0 0 0 3 1 4
1 7 3 6 - 0 0 0 - 5 8 0 0 . 0 0 0 9 3 2 0 . 0  0  0 3 4  0 0 . — — —6 1 6 — . 0 ——9 4 — 0 . 0 - 0 3 4 4
1 9 7 - 3 0 0 - - 6 5 2 0 . 0 0 1 0 5 2 0 . 0 0 - 3 7 8 0 . 0 0  —7 —4 0 . 0 —1 —5 8 — . 0  0  —3 3 4
2 2 2 5 9 0 0  0 - 7 4 - - . 0 - 1 1 9 - — . 0  0  0 4 2 8 0 . 0  0 - 7 4  8 0 . 0 —1 1 9 — 0 . 0 - 0 4 2 -
2 3 6 - 0 0 - 0 - 8 1 2 - . 0 - 1 2 7 2 - . 0 0 0 4 5 4 0 .0 0 0 8 1 2 0 . 0 0 1 2 7 0 - . 0 0 0 4 5 c
0 1 7 5 7 - 0 — ——5  8 '— .  — 0  — 9  6 0 . 0 0 0 0 7 4 0 . - 0 - 0 8  0 O . O C O 1 2 0 0 . 0 0 0 0 8 2
Ü 5 3 2 5 0 0 0 - 1 6 2 0  .  O'0 - 3 - 0 0 . 0 0 0 1 4 8 0 . 0 0 —1 8 4 - . 0 0 0 3 3 4 0 . 0 0 0 1 7 4
0 7 9 3 4 0 0 - - 2 3 9 - . 0 0 - 4 5 6 0 . 0 0 0 2 2 6 0 . - 0 0 2 6 1 0 . - ——4 8 2 - . 0 0 - 2 4 4
1 0 3 3 1 0 0 0 - 3 1 0 —. 0 0 - 5 8 4 - . 0 0 0 2 8 5 0 . 0  0 - 3 2 9 0 . 0  0 0 6 5 7 0 . 0 0 0 3 2 4
B 1 2 5 1 4 0 0 0 0 3 8 4 0 . 0 0 0 7 3 6 0 . 0 0 0 3 5 4 O . 0 0 - 3 9 0 0  .  — -  -  7  4  4 - . 0 0 0 3 7 4
1 5 0 1 7 0 0 0 0 4 4 6 0 . - 0 - 8 5 5 0 . 0 0 0 3 8 6 0 . 0 —0 4 6 1 0 . 0  —- 8 8 4 0 . 0 0 0 4 3 7
1 7 3 6 0 0 0 0 - 5 - 8  - 0 . 0 0 - 9 7 6 — . 0  0 —4 5 2 0 . 0 - - 5 1 6 0 . - 0 - 9 9 6 - . 0 0 0 4 8 —
1 9 7 0 3 0 0 0 - 5 6 8 0 .0 0 1 1 1 2 0 . 0 0 0 5 2 2 0 . 0 - - 5 7 2 0 . 0 - 1 1 2 0 — .  s'i- 0 5 4 6
2 2 2 5 9 . 0 0 - 0 6 4  0 O . - 0 1 2 5 2 0 . 0 —0 5 9 6 0 . 0  — — 6 4  0 0 . 0 0 1 2 5 8 0 . 0 0 0 6 1 2
2 3 6 0 0 0 0 0 - 6 8 0 - . 0 - 1 3 3 2 — « 0 0 —6 4 4 Ü . 0 0 - 6 7 6 - . 0 0 1 3 3 4 - . 0 0 0 6 4 4
0 1 7 5 7 — 0 0 —- 3 5 —. O - u - 3 2 — —. — — 0 0  — 2 0 . 0 0 - 0 7 0 O . 0  0 - 0 3 1 0 . 0 0 0 0 0 7
Ü 5 3 2 5 0 0 O - - 9 0 — — 6  4 0 . 0 0 - 0 0 0 0 . 0 - 0 1 3 0 0 . 0  0 0 - 7 2 - . 0 0 0 0 0 2
u 7 9 3 4 0 0 0  0  1 3  0 Ü . 3 0 - 0 9 0 0 . 0 0 0 0 0 4 0 . 0 0 - 1 7 0 0 . 0 —0 1 —9 0 . 0 0 0 0 0 2
1 0 3 3  1 0 0 0 - 1 7 3 - . 0 - - 1 2 4 - 0 . 0 0 - 0 0 2 0 . 0 0 0 2 0 4 0 . 0  0 0 1 3 2 - 0 . 0 0 0 0 0 1
Q 1 2 5 1 4 0 0 0 - 2 - 9 0 . 0 0 0 1 5 6 0 . O O O O O O 0 , 0 0 0 2 3  0 — . ——— 1 6 4 0 . 0 0  — 0 0  1
1 5 0 1 7 0 0 - - 2 4  5 - . 0 0 - 1 8 2 —0 . 0 —0 0 0 3 0 • — — 0 2 8 4 0 . 0  0 - 1 9 4 -0  .  - 0 - 0 0 2
1 7 3 6 0 0 0  0 - 2 7 2 0 . - 0 - 2  0 2 - —. 0 0 —0  1 2 0 . 0 - 0 3 - 2 - . —- - 2 - 8 — — e —0 0 0 1  4
1 9 7 - 3 0 0 0 - 3 1 6 0 . 0 0 - 2 3 - ——. 0 0 0 —1 4 0 . 0 - 0 3 4 0 0 . — 0 —2  — 6 - u . 0 0 0 0  1 2
2 2 2 5 9 0 0 0 - 3 6 4 o  .  — si 2  6  3 - 0 . 0 0 0 0 1 0 0 . - - 0 3 7 - 0 . 0 0 —2 6 6 — — . U Ü — — 1 o
2 3 6 0 0 0 — ■— — 3 8 6 0 . 0 - 0 2 8 4 - 0 . 0 0 0 0 1 6 0 . - 0 - 3 8 3 0 .  — — — 2 3 0 - 0 . - 0 0 0 1 4
1 7 5 7 0 ^ ———5 6 —. O O ——7 2 — . 0 0 —0 2 3 0 . 0 0 - 0 8 4 0 . 0  0 —0 3 6 - . 0 0 0 0 3 8
— - O o - I  7 2 - . - 0 - 2 4 4 0 . 0 - 0 - 7 5 0 . 0 0 - 1 9 6 - . 0 0 - 2 4 2 - . 0 0 0 1 0 2
— 7 9 3 4 0 0 .0 0 0  1 2 0 0 . 0 0 - 2 8 6 U . 0  0 - 3 6 9 — .  0  — — 1 5 —
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NOHIENCMTDSE
C » G. ,  C„, C, ■undetermined p a ra m e te rs  i n  th e  assumed
® ^ d e f l e c t i o n  f u n c t io n
2a , 2b s id e s  o f  p l a t e  a lo n g  U and V a x e s , r e s p e c t iv e ly
C = co s in eS
f l e x u r a l  r ig id i'fc y  o f  p l a t e  a t  th e  c e n tr e
= E h ^ /I2 ( l
D f l e x u r a l  r i g i d i t y  o f  p l a t e  a t  any  p o in t
= E h V l2 ( l
E , E, , E re c o rd e d  u n i t  s t r a i n s  in  th e  th r e e  le g s  o f  aa  D c  . .r o s e t t e  gauge
E Y oung 's modulus
f  a l lo w a b le  s t r e s s
h  th ic k n e s s  o f  p l a t e  a t  th e  c e n t r e
0
h  th ic la ie s s  o f  p l a t e  a t  any p o in t
K p o s i t i v e  a d ju s t a b le  c o n s ta n t  l e s s  th a n  one
M , M b en d in g  moments p e r  u n i t  le n g th  o f  s e c t io n s  o fX' y a  p l a t e  p e rp e n d ic u la r  to  X and Y a x e s , 
r e s p e c t iv e l y
M tw is t i n g  moment p e r  u n i t  le n g th  o f  a  s e c t io n  o f
^  a 'p l a t e  p e rp e n d ic u la r  to  X a x i s
M maximum p r in c i p a l  momentmax
M l minimum p r i n c i p a l  momentmin ^ ^
P a s p e c t  r a t i o  = b / a
q i n t e n s i t y  o f  a  c o n t in u o u s ly  d i s t r i b u t e d  lo a d
Q^, 0 s h e a r in g  f o r c e s  p a r a l l e l  to  Z a x i s  p e r  u n i t
^  le n g th  o f  a  s e c t io n  o f  a  p l a t e  p e rp e n d ic u la r
to  X and Y a x e s ,  r e s p e c t iv e l y
S = sineG
Ü, V o b liq u e  c o - o r d in a te s
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wn,$
V.
(TX
< rmax
^ i n
e
l a t e r a l  d e f l e c t i o n  
o u tw a rd ly  drawn norm al
d im e n s io n le s s  o b liq u e  c o - o r d in a te s  e q u a l  to  
V/b and U /a , r e s p e c t iv e l y
P o i s s o n 's r a t i o
norm al com ponent o f  s t r e s s  p a r a l l e l  to  th e  
X a x i s
norm al com ponent o f  s t r e s s  p a r a l l e l  to  th e  
Y a x i s
maximum p r i n c i p a l  s t r e s s
minimum p r i n c i p a l  s t r e s s
com ponent o f  e x tre m  f i b r e  s h e a r in g  
s t r e s s .
a n g le  o f  skew
a n g le  m easu red  c lo c k w ise  from  th e  X a x i s ,  
g iv in g  th e  d i r e c t i o n  i n  w hich  maximum 
p r i n c i p a l  moment occurs.
1 0 5
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